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'HE report of Dr. C. P. Haskins, president of the 
Carnegie Institution of Washington for the year 
1955-56*, the fifty-fourth year in the life of the 
Institution, comments on the slight change during 
half a century in the structure and basic orientation of 
the Institution ; although when the Institution was 
founded, the idea, let alone the practice, of scientific 
investigation in the United States was almost un- 
known, except as an integral but subsidiary part of 
university work, and an editorial in Science during 
1903 expressed grave doubts as to the function or 
future of an organization devoted to such an idea. 
The industrial laboratory in its modern form did not 
appear in the United States for another five years 
and, despite a few eminent men of science of inter- 
national repute in American universities, in the world 
scene American science had a minor place of relatively 
insignificant magnitude. 

The plan of operation for the Carnegie Institution of 
Washington, devised and executed in 1904, embodied 
three decisions which decided its whole character : to 
direct its activities to investigations as distinct from 
teaching, except incidentally ; to make the Institu- 
tion primarily a working, rather than a grant-making, 
body; and to organize its work in departments 
geographically dispersed and placed with ready 
access to a number of leading universities. Dr. 
Haskins, who is the fifth president, succeeded Dr. 
Vannevar Bush in January 1956, and his first presi- 
dential address states that he believes, despite the 
radical changes in the American scientific scene, that 
this conception of the Institution has stood the test 
of half a century and is as relevant to-day. The 
Institution has been able to play an important part 
in technological change in times of national emer- 
gency ; and to-day, when not only the techniques of 
seeking new knowledge are being developed but also 
systematic means are being devised for formulating 
the new questions by which new knowledge shall be 
sought and found, the Institution continues to pursue 
its aims of research towards the same goals and in 
essentially the same manner as it has throughout its 
working life. 

Believing that the goals selected and established 
for the Institution fifty years ago, and even the 
manner of achieving them, are as relevant as ever to 
leadership in the present scene, Dr. Haskins devotes 
much of his first report to an examination of these 
aims. The Institution’s dedication to the ideal of 
uncommitted scientific investigation, and to the 
scholarly search for scientific truth wherever it may 
lie, without primary consideration of its use in any 
practical sphere, has, he points out, not only had 
practical consequences in American technology, but 
also corollaries of real importance to-day. It implies, 
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for example, dedication to investigations of the 
highest quality, and, among its objectives, the main- 
tenance of standards of research. It also implies 
flexibility, a willingness to ignore the boundaries of 
established fields and a readiness to explore the rich 
borderline areas between them, a readiness to ignore 
conventional limitations and follow truth wherever 
it may lead; and, above all, a resolution to foster 
and pay tribute to that kind of inspiration and sense 
of fitness in creative thinking, to the ideal of balance 
and proportion, which in other fields has sometimes 
been called ‘a sense of style’. 

Noting the evidence obtained by D. J. Price 
(Discovery, 17, 240; 1956) of the essentially ex- 
ponential trend in the rate of increase of scientific 
effort when measured by various criteria, Dr. 
Haskins sees no reason for believing that the 
present doubling of the magnitude of scientific effort 
two or three times in a generation will change from 
exponential to linear in the immediate future. More- 
over, as Price points out, this rate of growth is 
appreciably greater than that for many non-scientific 
and non-technological activities; but when an 
attempt is made to measure the rate of increase in 
scientific activity of the highest quality, the rate was 
found to be considerably lower than that for research 
as a whole. Price estimated that it took about three 
times as long to double, and Dr. Haskins believes 
that the discrepancy is even greater in the United 
States, partly because of the American tendency, 
especially since the Second World War, to label as 
research much technological effort which is in fact 
engineering development. 

Accordingly, the field of uncommitted research, 
with which the Carnegie Institution of Washington is 
primarily concerned, is both very much smaller, and 
its rate of growth is slower, than the scientific effort 
as a whole, and in consequence the Institution 
remains @ larger factor in this field than in the wider 
one. Moreover, in science as in all other fields of 
creative endeavour, the relatively small proportion of 
effort of the highest quality has a significance, both 
in its own field and in society as a whole, far beyond 
its absolute magnitude ; and Dr. Haskins points out 
that accordingly the dedication of the Institution to 
standards of the highest quality connotes both 
responsibilities of leadership for the present and the 
future, as well as the vulnerability which is 
attached to the maintenance of its contemporary 
integrity. 

Dr. Haskins points out a second implication. This 
is concerned with scientific specialization and its 
consequences. In a very real sense, he observes, 
specialization is the life-blood of scientific investiga- 
tion. Without it the investigator is scarcely in a posi- 
tion to grasp his opportunities and to achieve the truly 
significant insights ; and it is only to those who have 
achieved mastery of their subject that the full satis- 
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faction and job of creativity belong. Likewise, to 
the specialist in the company of his fellows belong 
those other rarest of working rewards: encourage- 
ment, reinforcement, solidarity and the powerful 
spirit of a truly understanding working fraternity. 

Nevertheless, unchecked specialization itself can 
foster alienation and divergence, so that divergent 
specialities may differ as much in language, in mode 
of approach, in basic orientation and in systems of 
values, not only about their own subject but also 
about the world in general, as two different cultures. 
Once these differences are firmly established, strong 
barriers arise to the crossing of boundaries and to a 
dangerous degree the specialist sacrifices his flexibility. 
Thus is maintained and emphasized that bane of our 
times which follows so naturally from the accretion 
of knowledge but which is the antithesis of true 
wisdom—excessive fragmentation. 

Dr. Haskins believes that the Carnegie Institution 
of Washington, by virtue of its tradition and structure, 
is particularly well placed for supplying the leader- 
ship which is needed to combat this peril. Special- 
ization can never be avoided; it is a keynote of 
scientific expansion and of our technological civil- 
ization. But the ideal can be emphasized of the 
individual whose capacity, training, judgment and 
orientation are those of one trained to take a broad 
or general view, without loss of the discipline or 
competence of the specialist. It has always been a 
fundamental part of the Institution’s policy that the 
subject areas in which it works should be chosen 
with great flexibility, that the rubrics of the depart- 
ments should not be taken rigidly to restrict their 
subject-matter, that investigations of areas con- 
sidered by competent men to be of great inherent 
interest should be furthered whether they fall within 
conventionally recognized boundaries of scientific 
disciplines or between them, that every encourage- 
ment should be given to the taking of long intellectual 
risks by those equipped to do so. It has also always 
been its policy to evaluate the work of its staff in 
terms only of the native and collective judgment of 
their peers and never by those conventional standards 
which too often tend to solidify the boundaries of 
specialisms and break down understanding between 
them. 


In thus arriving at this justification of the goals 
and methods of the Carnegie Institution of Washing- 
ton in the context of to-day, Dr. Haskins in his first 
report shows clearly how closely he follows in the 
footsteps of his immediate predecessor, Dr. Vannevar 
Bush. Moreover, this vindication of the functions of 
the Institution—to stimulate scientific research of 
the highest calibre, to conceive and open new areas 
of research, which can later be taken up by others, 
to provide advice and guidance in scientific matters 
at the most effective levels of national policy, but, 
above all, to enrich the national resources of research 
personnel and the conception of research standards 
and their goals—has an even wider interest. It is 
not simply that we encounter the same emphasis 
upon individual capacity and the encouragement of 
men with creative ideas that we are accustomed to 
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find in the reports of the’Rockefeller Foundation or 
the Nuffield Foundation also, or that, as in Dr. Bush’s 
valedictory report, the growing importance of philo- 
sophy and of quality is stressed. Rather we are re- 
minded that the independent research institution has 
@ continuing part to play in fostering creative scientific 
work, and that we may look to it for a decisive con- 
tribution in solving some of the major problems in 
the organization of scientific research and in cor- 
recting dangers which threaten research and higher 
education alike. 

The parallel in thought between Dr. Haskins’s 
report and Prof. A. Betz’s recent Ludwig Prandtl 
Memorial Lecture at Géttingen on February 4 is 
striking, and both alike are in keeping with the con- 
ception, quoted by Prof. Betz, to which W. v. 
Harnack gave expression in 1925 when handing over 
the new Institute for Fluid Dynamics on behalf of 
the Kaiser-Wilhelm Society for the Promotion of 
Science. The Carnegie Institution of Washington, 
the Rockefeller Foundation, the Nuffield Foundation 
——these and the other independent research institu- 
tions—have proved their value in the world of science 
because they have recognized that their task is to 
select the research scientist, and they have done so 
with care. When they have found him, they have 
provided him with as much money and as ample 
resources as possible, and left him to spend the 
money and apply the means as he judges best, 
without interference. : 

Not without qualification, however, should it be 
said that this is the end of their task. The dangers to 
which Dr. Haskins and Prof. Betz alike direct atten- 
tion show that the independent research institution 
cannot be expected to continue to fulfil its func- 
tion and maintain its standards if no regard is paid 
to the effect of specialization and no attempt is made 
to check its evils, or to deal with the falling level of 
intelligence, the deterioration in standards of teaching 
or the effects of efforts to increase greatly the nurabers 
of graduates in science and technology. The inde- 
pendent research institution can only continue to 
render its vital contribution in the world of to-day 
if the nature of that contribution is clearly and widely 
understood, and if care is taken to see that material 
resources are maintained unimpaired and—still more 
important—that the educational system provides a 
continuous stream of well-trained, keen and creative 
minds from among whom the institution may select 
workers of the quality it needs. Such an educational 
system will also provide the research institutions of 
industry, of government and of the universities with 
the investigators, the administrators and the techno- 
logists they require. Here again the needs of teaching 
and of research cannot be divorced. The fundamental 
problems are those of quality and of vision, of safe - 
guarding the values which foster ability to think 
independently and along scientific lines and to 
co-operate imaginatively and with understanding. 
All these qualities must be fostered in order to 
prevent the development of the barriers and frag- 
mentation which are among the gravest menaces to 
scientific progress and to civilization itself. 
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SEVEN ANTIBIOTICS 


Erythromycin 
By Wallace E. Herrell. (Antibiotics Monographs, 
No. 1.) Pp. viii+-56. 3 dollars. 


Tetracycline 
By Harry F. Dowling. (Antibiotics Monographs, 
No. 3.) Pp. 64. 3 dollars. 


Aureomycin (Chlortetracycline) 
By Mark H. Lepper. (Antibiotics Monographs, 
No. 7.) Pp. 156. 4 dollars. 


Terramycin (Oxytetracycline) 

By Prof. Merle M. Musselman, with the collaboration 
of Dr. H. L. Davis and H. W. McFadden, Jr. (Anti- 
biotics Monographs, No. 6.) Pp. 144. 4 dollars. 


Polymyxin, Neomycin, Bacitracin 
By Prof. Ernest Jawetz. (Antibiotics Monographs, 
No. 5.) Pp. 96. 4 dollars. 


(New York: Medical Encyclopedia, Inc. ; London: 
Interscience Publishers, Ltd., 1955-56.) 


UMEROUS antibiotics are now available to 

medical practitioners, but useful information 
concerning the physical and chemical properties, 
pharmacological and clinical effects of some of these 
drugs has been slower to spread than have the various 
trade names, some elegant if uninformative and 
others deplorable, with which they have been en- 
dowed by enthusiastic manufacturers. The series of 
Antibiotic Monographs is designed, in the words of 
the editors, Drs. Henry Welch and Felix Marti- 
Ibafiez, “to show the application of the principal 
antibiotics in clinical medicine as well as in other 
allied fields where these drugs continue to extend 
their usefulness”. The books include chapters on 
the physical, chemical, microbiological and clinical 
aspects of the antibiotics, and selected bibliographies 
covering @ wide range of publications. The titles of 
articles listed in the bibliographies are given in 
full. 

The monograph on “Erythromycin”, which ap- 
peared in 1955, was the first of the series, and the 
bibliography contains seventy-seven references, ex- 
tending to late 1954. Some useful basic information 
is given on the properties and range of action of 
erythromycin, but the reports of clinical experiences 
with the drug are often necessarily based on small 
numbers of cases. There is a description of the 
effectiveness of erythromycin in a wide range of 
infections, in many of which (as is made clear by Dr. 
Herrell) it is not the drug of choice. For some of 
these infections, as for example those due to hemo- 
lytic streptococci, pneumococci or gonococci, erythro- 
mycin is rarely necessary, but might be valuable 
when a patient is sensitive to penicillin. 

In the foreword, the editors state that erythro- 
mycin “is of singular importance because of its 
effectiveness against the staphylococci’, and this 
view would meet with general agreement. Probably 
many bacteriologists would at the present time like 
to see the case for reserving erythromycin for the 
treatment of staphylococcal infections resistant to 
penicillin more strongly stressed than it is in this 
book. The problem of development of resistance to 
erythromycin should be more fully discussed, par- 
ticularly in relation to the dangers, especially in 
hospital practice, arising from the possible continuing 
increase of cross-infection with staphylococci resistant 
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to erythromycin. Further complications have recently 
arisen as a result of the introduction of new anti- 
biotics, for example oleandomycin, which show cross- 
resistance with erythromycin. More material is now 
available on the use of erythromycin in combination 
with other antibiotics. Several pages are devoted to 
the assay of erythromycin in body fluids, but more 
space might be given to sensitivity testing of organ- 
isms and the relationship of in vitro and in vivo sensi- 
tivity. In short, while the book was a seund and 
careful assessment of erythromycin at the time of its 
publication, it would benefit from extension in the 
light of more recent experiences. There is a table of 
contents but no detailed index. 

The tetracyclines are widely used ‘broad-spectrum’ 
antibiotics ; tetracycline was the last of the three to 
be introduced, chlortetracycline the first and oxy- 
tetracycline the second. The monograph on ‘““Tetra- 
cycline’’, however, was issued before those on its 
analogues, and consequently draws on the earlier 
work with this drug for its information. In spite of 
this, Dr. Dowling has included sufficient basic 
information on activity, blood levels and clinical use 
to make the book of real value to clinical bacterio- 
logists and clinicians. A detailed index is included. 
Tetracycline will probably continue to displace its 
analogues for the treatment of many infections 
because it has less tendency to produce intestinal 
disturbances, and it is to be expected that a more 
complete account of its use will appear later. Dr. 
Dowling remarks that it would be surprising if some 
cases of staphylococcal enteritis did not occur fol- 
lowing tetracycline therapy, and a few cases have 
been reported since the book was written. 

Dr. Lepper’s monograph on “‘Aureomycin”’ (chlor- 
tetracycline) will be of considerable use to clinicians 
and bacteriologists who have to handle this drug. As 
is pointed out, much of what is commonly believed 
to be true for the entire group of tetracyclines was 
established ‘‘first, best and often only”, for chlor- 
tetracycline. In the foreword to the book the editors 
remark : ‘“‘While with the early antibiotics the list of 
indications was based only on infecting organisms 
that were susceptible, chlortetracycline introduced 
the concept of the treatment of diseases or groups of 

i brucellosis, spirochztal, pneumonial and 
rickettsial diseases, etc. This meant that often the 
clinician could administer this antibiotic even before 
identifying the causal organism, basing therapy on 
clinical syndromes rather than on_ bacteriologic 
identification. This was a new philosophic concept 
of great historical interest’’. 

The precise attitude of the editors to this par- 
ticular “‘philosophic concept’ is not clear, but Dr. 
Lepper in his chapter on ‘Principles of Chlortetra- 
cycline Therapy”’ writes: ‘The rather broad spec- 
trum had been used by some to reduce the amount 
of diagnostic study required before therapy was 
started. With the passage of time, however, it has 
become apparent that the initial optimism that 
chlortetracycline or any other of the broad-spectrum 
antibiotics would relegate bacterial diagnosis to a 
minor role has not been borne out. The reason for 
this is that the range of activity has not been great 
enough nor the results uniformly successful with 
standard doses in all types of infections. For this 
reason it is still most important that precise clinical 
and bacteriologic diagnosis be made before therapy 
be undertaken”’. This seems excellent general advice, 
even if it is not possible to follow it rigidly in every 
case. 
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The physical, chemical and microbiological prop- 
erties of chlortetracycline are well described. In- 
stability of chlortetracycline in laboratory media has 
led to conflicting reports of its effectiveness against 
various organisms, and there is an excellent dis- 
cussion of the difficulties arising from this in the 
interpretation of laboratory sensitivity tests, and in 
comparisons of the activities of chlortetracycline and 
other antibiotics. There is a good account of the 
problem of microbial resistance and of the important 
subject of superinfection with resistant organisms, 
including the sometimes fatal staphylococcal enteritis 
and Candida infections. The use of chlortetracycline 
in combination with other antibiotics is described, 
and the difficult subject of antagonistic and synergic 
effects is usefully discussed. The conclusion that the 
mechanism of antagonism has not been satisfactorily 
elucidated remains true. Numerous reports on the 
toxicity of chlortetracycline are critically reviewed, 
and several chapters are devoted to the use of the 
drug in specific groups of diseases. The bibliography 
contains 769 references, including some 1955 pub- 
lications. There is a good detailed index and the 
book can be confidently recommended as a reasoned 
critical appraisal of chlortetracycline. 

Jn a brief foreword to Dr. Musselman’s monograph 
on “Terramycin” (oxytetracycline) the editors write : 
“The advent of ‘Terramycin coincided with the defin- 
itive incorporation of the term ‘broad- ” to 
designate the wide range of action of this and the 
other two already existing major antibiotics, thus 
enriching the semantics of antibiotics”. The subject 
of ‘antibiotic semantics’ would appear to offer 
pleasing opportunities for armchair bacteriologists. 
The book follows the general plan of the series, a 
description of physical, chemical, microbiological and 
pharmacological properties being followed by chapters 
on the use of oxytetracy cline in various diseases. 
There is an account of some early experiences with 
the combined use of oxytetracycline and adreno- 
eorticoids, both locally and systemically. It is 
perhaps not unfair to say that Dr. Musselman is a 
little less critical in his approach than Dr. Lepper, 
and he seems to have had rather less trouble with 
gastrointestinal symptoms in patients receiving oxy- 
tetracycline than have some other authors. He states 
that in his experience “relatively few troublesome 
gastrointestinal symptoms occur with oxytetra- 
cycline therapy”’ and that “‘the side effects may have 
been over-emphasized and the relative freedom from 
side reactions not fully appreciated”. A fairly good 
index is included, but it could be improved by some 
extension and more cross-references. The biblio- 

graphy covers twenty-seven pages (extending to the 
end of 1955), and the book will serve clinicians and 
bacteriologists as a useful source of information on 
oxytetracycline. 

The tetracyclines have many features in common, 
and their ranges of activity are closely similar. 
Perhaps when rather more experience has been 
gained a single book could be issued dealing with all 
three, making clear any advantages one might have 
over another for particular purposes. 

Dr. Jawetz’s monograph on “Polymyxin, Neo- 
mycin and Bacitracin’”’ is of particular interest, since 
it deals with three antibiotics with limited clinical 
applications, but which can be life-saving in certain 
circumstances. Few clinivians will have had much 
experience of systemic administration of these anti- 
biotics, complicated as it is by rather high toxicity. 
These drugs are sometimes termed ‘minor anti- 
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biotics’, and commenting on this the editors write : 
“But are there really any ‘minor’ antibiotics ? This 
is a purely academic question, since from a practical 
point of view there are no ‘minor’ drugs so long as 
they serve a clinically needed therapeutic function”’. 
One is tempted to suggest a subject of ‘antibiotic 
democratics’ to take its place beside philosophy and 
semantics. 

As Dr. Jawetz points out, these drugs have acquired 
increased usefulness in the control of certain infections 
resistant to the ‘common’ antibiotics. The book is 
divided into three sections, each devoted to one 
antibiotic, and each arranged according to the genera| 
plan described earlier. Precise instructions are given 
for the administration of the drugs and the toxic 
symptoms are well described and discussed. As 
would be expected from Dr. Jawetz, there is adequate 
space devoted to the problems of resistance, synergism 
and antagonism. The statement on p. 38 that the 
nature of the neomycin- and streptomycin-antagonist 
produced by Pee pyocyanea ‘is uncertain” 
is surprising, for by 1954 the antagonism had been 
shown to be due to certain alkyl-substituted quinoline. 
N-oxides. It is true, however, that the possible role 
of these antagonists in microbial resistance remains 
uncertain. Dr. Jawetz’s book will undoubtedly be of 
use for a long time to come and can be recommended 
as @ valuable source of information. The biblio- 
graphy of 205 references extends to the middle of 
1955. 

To British buyers these books are not cheap. It 
is to be hoped that publishers will one day issue 
books of this kind in really cheap editions, since the 
material in them is what is of importance and an 
appreciable amount of it may need revision at fairly 
frequent intervals. Elegant binding might be sacri- 
ficed to low price. In the antibiotic field, synonyms 
are becoming an increasing curse, and later editions 
might attempt to keep us up to date with these. 

F. L. Jackson 


GAS CHROMATOGRAPHY 


Vapour Phase Chromatography 

Proceedings of the Symposium sponsored by the 
Hydrocarbon Research Group of the Institute of 
Petroleum held at the Institution of Electrical 
Engineers, London, on 30th May-—Ist June, 1956. 
Edited by D. H. Desty and C. L. A. Harbourn. Pp. 
xv+436. (London: Butterworths Scientific Pub- 
lications ; New York: Academic Press, Inc., 1957.) 
70s.; 12 dollars. 


N this volume there are collected thirty-six recent 
papers on various aspects of gas chromatography, 
contributed by leading workers in the field. To the 
three or four hundred scientists from all over the 
world who attended the symposium at which the 
papers were presented, the book will need no other 
recommendation than to mention that it contains an 
edited account of all the discussions which took place 
during the symposium, and also the report of the 
special committee on nomenclature and presentation 
of data which was formed at the time; the recom- 
mendations of this committee should be read care- 
fully by all chemists who are making use of gas 
chromatography. It is only a minor criticism, but 
it is nevertheless unfortunate that the title of the 
volume (‘Vapour Phase Chromatography’’) has not 
been chosen in accordance with the recommendations 
of this committee (see Nature, 179, 241; 1957). 
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For those who were not present at the symposium, 
it should be pointed out that this is neither a text- 
book nor @ review; it is essentially a volume for 
the specialist in gas chromatography, and as such it 
is outstanding in the variety of material included 
and the points of view presented. The first four 
papers are mainly theoretical; they include a funda- 
mental thermodynamic treatment of gas chromato- 
graphy, and a discussion of the factors affecting the 
efficiency of chromatographic columns, the results of 
which will be found to be of immediate practical 
value. The several methods now available for the 
detection of substances in a flowing gas stream are 
dealt with in considerable detail. The thermal con- 
ductivity cell, which at present is probably the most 
— detector in gas chromatography, has been 

und to have a number of drawbacks, which in 
certain circumstances may render it useless; the 
Martin gas density balance, the Scott flame detector, 
and the beta-ray ionization chamber are described in 
a series of four papers, and the results which have 
been obtained with these instruments are critically 
discussed. 

Some recent applications of gas chromatography 
form the subjects of the last fifteen papers in the 
collection. They include examples of the use of gas 
chromatographic columns at temperatures up to 
300° C. ; and as Martin points out in the first paper, 
the development of columns capable of working 
effectively at extremely high temperatures is likely 
to lead to an interesting new field of application of 

gas chromatography in the separation of inorganic 
The separation of the isotopes of 
gen by gas chromatography, using a packing of 
palladium supported on asbestos, is also described. 

The editors are to be congratulated on having 
produced this volume so soon after the original 
symposium. There are very few errors in the text ; 
unfortunately there are some mis-spelt names: 
Keulemans is incorrectly spelt on p. 33, Ray on 
p. 145 and Haslam on p. 163. ‘Unbiasing’ appears 
for ‘unbalancing’, also on p. 163. These are only 
very minor criticisms, however, of a book of major 
importance in the field of gas chromatography. 

N. H. Ray 


RANDOM PROCESSES IN 
AUTOMATIC CONTROL 


Random Processes in Automatic Control 

By Dr. J. Halcombe Laning and Dr. Richard H. 
Battin. (McGraw-Hill Series in Control Systems 
Engineering.) Pp. ix+434. (London: McGraw- 
Hill Publishing Company, Ltd., 1956.) 75s. 


ONSIDERABLE interest has been aroused by 

recent work on the design of control systems to 
give minimum mean square error in response to input 
signals the correlation functions of which are known. 
This, together with work on the design of optimum 
filters, forms an interesting extension of circuit theory 
and operational methods. Published work has tended to 
be concentrated on the manipulation of the operators 
to the exclusion of an adequate discussion of statistical 
considerations involved in the assessment of correla- 
tion functions. The authors of this book have sought 
to redress the balance and their contribution is buth 
timely and welcome. They have done much more 
than make a considered statement of accepted know- 
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ledge as it bears on the subject of statistical assessment 
of signals which in itself would have met a need. 
The authors are clearly deeply and practically con- 
cerned with their subject and have contributed very 
materially to the application of their art. Much of 
their material is published here for the first time, 
and of this a proportion is original to themselves. 
From the point of view of the expert this makes the 
book a remarkably refreshing and interesting one, 
although a serious effort has been made to meet the 
needs of those less well informed. 

In an introductory chapter on basic concepts of 
probability theory the authors establish their notation 
and follow this by an excellent and detailed statistical 
description of random processes. They exemplify 
this by a discussion of shot effect and Gaussian 
processes. Only after this thorough treatment 
occupying the first half of the book do we meet the 
effect of systems on random processes, and here the 
authors give @ glimpse of their particular interest in 
non-stationary problems. The, now classical, least- 
squares method of smoothing and prediction for 
stationary random processes receives a chapter in 
which description exceeds rigour with happy results. 
The concluding chapter deals with the very interesting 
problem of optimum operators with finite data. 
Throughout the book one is intrigued by the ready 
appeal to analogue computors as devices for perform- 
ing mathematical operations in conjunction with 
simulated systems. 

In summary, this book has an analytical and 
mathematical bent, is founded firmly on an adequate 
statis‘ical description of random processes and 
considers their application to automatic control in a 
manner of great interest to the expert but in terms 
fairly readily followed by the informed student. 

J. H. Wesrcorr 


ELECTRON MICROSCOPY 


Proceedings of the Third International Conference 

on Electron Microscopy, London, 1954 
Edited by R. Ross. Pp. xvi+705+187 plates. 
(London: Royal Microscopical Society, 1956.) 90s. 

‘HE languages employed for these Proceedings, 

as for the Conference, are English (used for 
three-quarters of the communications and all the 
synopses), French and German. 

Sixty-five of the contributions deal with the 
or practice of electron microscopy or the development 
of electron microscopes, and ancillary apparatus. 
These, and in particular the three introductory 
surveys, cover the subject admirably. The use, for 
microscopy, of field emission, X-rays and particulate 
radiation other than electronic, is adequately dealt 
with in one of the surveys and twelve other com- 
munications. Discussions of applications of electron 
microscopy, especially in biology and metallography 
complete the Proceedings. 

The editor has taken advantage of the apparently 
unavoidable delay in producing this record of the 
1954 Conference by allowing contributions to be 
brought up to date, particularly in respect of the 
important lists of references, some of which mention 
papers published in 1956. Consequently, the publica- 
tion not only provides an account of developments in 
microscopy in the four years immediately preceding 
the Conference, but also gives a good indication of 
progress in the subsequent two years. 
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The most impressive records of this conference are 
the attainment of a resolution of 20 A. for normal 
working of certain microscopes, and of 10 A. under 
especially favourable conditions; quite astonishing 
improvement in microtomy of embedded biological 
material, enabling specialists in this work to produce, 
as @ matter of routine, sections of thickness of the 
order of 200 A.; and a most useful extension and 
general improvement of the replica technique. 

The immediate effect of all this on research in many 
fields is well illustrated in the eighty-one communica- 
tions relating to applications. Detail of molecular 
dimensions was observed in many biological speci- 
mens, including cell walls (for example, of a species 
of Spirillum) ; lamellz of nerve myelin sheaths ; and 
organic crystals, for example, ferritin, in which a 
section of the lattice was clearly visible. Virus 
particles were photographed at the site of interaction 
with the host cell (for example, Herpes simplex on 
chorioallantoic membrane); and particles of polio- 
myelitis virus of the Lansing strain, from the central 
nervous system, were identified and photographed. 
Cilia from ciliated epithelia, from Lamellibranchia, 
Amphibia and Mammalia, were found to contain 
eleven fibrils, always in the same arrangement of two 
inner and nine outer. Collagen was a popular object 
of study, and the interesting phenomenon of the 
reconstitution of this material from solution re- 
ceived special attention. Good use was made of 
tissue culture, particularly for the production of 
specimens for electron microscopy in biophysical 
research. 

Emission and ion microscopy gave improved 
resolution, which showed, for the first time, an orderly 
array of atoms of the emitting point. More orthodox 
metallography was represented by contributions show- 
ing steady, though less spectacular, progress, in some 
of which good use was made of a combination of 
microscopy and electron diffraction. 

Much of the apparatus and many of the techniques 
described in this publication represent such an 
advanced stage of development as to render this 
account of them of considerable permanent value to 
all interested in the study of fine structure. The book 
is well produced, with excellent illustrations, and is 
likely to remain for some years the best compendium 
of information on non-optical microscopy. 

H. I. MarrHews 


THE TEETH OF AUSTRALOPITHECUS 


The Dentition of the Australopithecinae 

By J. T. Robinson. (Transvaal Museum Memoir, 
No. 9.) Pp. vi+180. (Pretoria: Transvaal Museum, 
1956.) 


‘HERE is @ certain inevitability in the trend of 

the discussions which follow the discovery of 
fossil relics of early man and his precursors, an 
inevitability which seems to stem from the fact that 
in their early stage the discussions so often take place 
between those who have made an intimate study of 
the fossil material itself but do not have at hand 
adequate material for detailed comparisons, and 
those who may have ready access to comparative 
material but have not studied (and perhaps have 
never even seen) the original fossil specimens. It is 
little wonder, then, that conflicts of opinion easily 
arise, and rather profitless controversies ensue. 
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Fortunately it is also inevitable that, sooner or later, 
the significance of the discovery is put into per- 
spective by much more detailed and comprehensive 
studies. In the case of the Australopithecinae of 
South Africa—those early Pleistocene creatures so 
ape-like in the general proportion of the brain-case 
and jaws and yet approximating so closely to man in 
a number of morphological characters of the skull, 
teeth and post-cranial skeleton—the need for such 
studies has for some time been evident enough. The 
publication of a monograph on the dentition is for 
this reason alone particularly welcome, but it is also 
of unusual importance because of the accepted 
reliability of comparative odontology for the assess- 
ment of taxonomic relationships. The author, Dr. 
J. T. Robinson, of the Transvaal Museum, Pretoria, 
is well qualified to carry out this work, for he has 
himself been responsible for excavating much of the 
fossil material, and also, by extended visits to museum 
collections in Europe and America, he has acquired 
@ very considerable experience of the comparative 
odontology of apes, both recent and extinct. 

This monograph is essentially a systematic and 
sober descriptive account of the australopithecine 
dentition based on the study of more than five 
hundred teeth. Many of the latter are perfectly 
preserved and still in position in upper and lower 
jaws, and they include numerous examples of the 
deciduous as well as the permanent dentition. The 
text is illustrated by almost two hundred photo- 
graphs and drawings which are unusually excellent 
in their clarity. The author is not concerned to raise 
controversial issues; he gives a dispassionate 
appraisal of the dental evidence for determining the 
taxonomic position of the Australopithecinae ; but, 
in the main, he is content to allow the evidence to 
speak for itself. He points out that in the shape, 
relative size and nature of wear of the canine teeth, 
the consistent absence of a diastema, the bicuspid 
character of the first lower premolar, the multicuspid 
character of the first deciduous molar, and the shape 
of the dental arcade, the dentition conforms to the 
hominid rather than the pongid pattern, and he 
concludes, therefore, that as between the Pongidae 
and the Hominidae the Australopithecinae are to be 
assigned (at any rate on the evidence of the dentition) 
to the latter. He also notes that this conclusion is in 
conformity with the evidence of other parts of the 
skeleton, and particularly the pelvis (of which there 
have now been discovered four specimens). Dr. 
Robinson permits himself only a brief discussion at 
the end of his monograph on the significance of the 
South African fossils for hominid phylogeny, and 
while he makes it clear that they are hominids in the 
taxonomic sense, he regards it as unlikely that the 
groups whose remains have so far been found bear a 
direct ancestral relationship to Homo. Certain specu- 
lations are also advanced regarding the affinities of 
the Hominidae and the Pongidae. Not all these 
are likely to find general acceptance ; indeed, the 
present writer would be prepared to question the 
logicality of some of the arguments presented. But 
they are, of course, no more than provisicnal inter- 
pretations, and they no doubt require serious con- 
sideration. It is to be hoped that this monograph 
heralds the appearance of a series of similar studies 
by the same author, for such a sequence of contribu- 
tions would be of outstanding importance for what is, 
after all, the main problem of palzo-anthropology, 
the phylogenetic relationships of man. 

W. E. Le Gros CLarkK 
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Lines of the Chemical Elements in Astronomical 
Spectra 

By Paul W. Merrill. (Papers of the Mount Wilson 

Observatory, Vol. 9.) Pp. vii+167. (Washington, 

D.C.; Carnegie Institution of Washington, 1956.) 

Cloth, 2 dollars; Paper, 1.60 dollars. 


HE basic data of astronomical spectroscopy lie 
in the millions of objective-prism spectra and 
the hundreds of thousands of slit spectra that have 
been recorded on photographic plates in the past 
three-quarters of a century. Only a small part of 
this information has ever been extracted, let alone 
published ; nevertheless, the amount that has 
appeared is so great that the task of locating a 
specific item is a formidable one, even for astro- 
physicists. For workers in related fields, unfamiliar 
with the literature, it may appear well-nigh i imposs- 
ible. Excellent summaries exist in the form of 
wave-length tables, photographic atlases, multiplet 
tables and collections of photometric tracings, but 
there is room for plenty more. This compilation 
breaks new ground by providing, element by element, 
summarized information about the occurrence of 
various atoms, ions and molecules in cosmic sources. 
The arrangement is in order of atomic number, and 
the information relates only to the occurrence and 
behaviour of lines and bands and to quantities 
derived therefrom, not to physical theories concerned 
in the derivation. Generous references are given 
under each element to an extensive bibliography. 
This can contain, of course, references to only the 
most important in the field; it is classified, 
understandably enough from the compiler’s point 
ja view, but rather oddly from the user’s, according 
to periodical. The work concludes with a collection 
of partial Grotrian diagrams which exhibit, for most 
of the lighter elements, the lower term structure and 
the transitions responaible for the chief astronomical 
lines. A. HunTER 


Der Vierdimensionale Raum 
Von Prof. Roland W. Weitzenbéck. (Sammlung 
‘Wissenschaft und Kultur’, Band 10.) Pp. 224. 
(Basel und Stuttgart: Birkhiéuser Verlag, 1956.) 
19.55 francs; 19.55 D.M. 

‘HIS brilliant essay by a distinguished mathe- 

matician would be of much assistance to the 
intelligent layman wishing to understand what is 
meant by the ‘fourth dimension’. Much of the 
meaning depends on the context in which the phrase 
is used. Thus the first eighty pages describe the 
development of the geometer’s idea of a space; the 
text is lucid and devoid of undue technicalities, and 
the are illuminating. The next section deals 
with time as a fourth co-ordinate, and ranges from 
Dunne and -Wells to the ime universe of 
Minkowski and Einstein. From there, a natural 
transition is to the ap) of @ fourth dimension 
in other fields of study, from physics and chemistry 
to mysticism and spiritualism. The last section 
records polydimensional notions in fiction ; here, of 
course, pride of place goes to Abbott’s classic “Flat- 
land”’, while Wells is strongly represented by many 
of his short stories. The net is widely cast, and fine 
enough to have picked up Wodehouse, Ellery Queen 
and Van Dine. The combination of sound instruction 
with entertainment makes the volume admirably 
suited to the series of which it is @ part ; unlike most 
mathematical works, it is as good for dipping into 
as for continuous reading. T. A. A. BroapBENT 
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Nuclear Explosions and Their Effects 

. +184. (Delhi: Publications Division, Ministry 

“Information and Broadcasting, 1956.) Paper 
seen Rs. 3.8; 7s. 6d.; 1 dollar. Cloth bound, 
Rs. 6; 12s. 6d.; 2 dollars. 

NY public discussion on policies concerning 

atomic weapons has always been hampered by 

the scarcity of information about their effects. Much 
of that information exists but is kept secret by the 
military authorities, and the occasional reports from 
official quarters have often been suspected of under- 
stating the dangers so as to allay the fears of the 
public. Most people thought that this state of 
affairs was bound to persist until the military 
authorities decided to release their observations of 
the effects of test explosions. 

The book before us shows that this is not neces- 
sarily so; it contains information drawn from 
published sources only and yet gives a very adequate 
picture of the position. It puts, as it were, the cards 
on the table ; from published accounts—the sources 
bemg quoted—it proceeds to work out the various 
forms of hazard (blast, beat and radiation) in front 
of the reader, with the help of very simple mathe- 
matics. The book reads well ; physical and biological 
concepts— including the basic ideas of genetics—are 


This i is a valuable and dispassionate account of a 
supremely important subject, suitable for anybody 
who wants to inform himself. O. R. Frisce 


Textbook of Theoretical Botany 
By Dr. R. C. McLean and Dr. W. R. Ivimey-Cook. 
Vol. 2. Pp. xiv+1071-2201. (London and New 
York: Longmans, Green and Co., Ltd., 1956.) 90s. 
net. 

LTHOUGH Dr. Ivimey-Cook died in 1952, he 

left a considerable amount of material intended 

for the text-book on which he was collaborating with 
Prof. McLean, and the senior author has, con- 
sequently, decided to retain his late colleague’s name, 
as joint author, in all four volumes. 

The second volume of the ““Textbook’’ is concerned 
with floral morphology and biology, fruits and seeds, 
and a systematic treatment of the angiosperms. It 
includes a section on plant classification. 

Opinions will differ as to what a book, intended to 
bridge the gap between the elementary text-book and 
the specialist treatise, should include. To mg, it 
seems that a treatment of the topics mentioned, 
running into 1,100 pages, is too much for a book 
intended primarily for university students. It is also 
felt that controversial topics are sometimes discussed 
in too much detail, notwithstanding the authors’ 
desire to keep discussion on such topics to a minimum. 
Moreover, the student may well complain at the 
numerous scientific terms, some of which are now so 
little used that they may almost be regarded as 
obsolete. The present volume, nevertheless, presents 
a clear picture of the subjects which it covers, and 
clarity is often enhanced by the wealth of illustrations. 
A number of the flower photographs are rather flat 
and would probably have been improved had they 
been taken from a somewhat different angle; but 
the illustrations, as a whole, are of high quality. 

A book in English covering floral biology and 
morphology has long been wanted, and Prof. McLean 
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ROLE OF METALS IN ENZYMES WITH SPECIAL REFERENCE TO 
FLAVOPROTEINS* 


+ By Dr. D. J. D. NICHOLAS 


Agricultural Research Council Unit of Plant Nutrition (Micronutrients), Long Ashton Research Station, 
University of Bristcl 


URING the past five years notable advances 

have been made in identifying a range of 
flavoprotein and pyridine nucleotide enzymes that 
contain metals. In some enzymes the function of 
the metal has been determined. In this summary 
the following topics will be discussed: some prop- 
erties of metallo-flavoproteins, the role of metals in 
nitrate assimilation, denitrification, nitrification, 
nitrogen fixation and in regulating alternative path- 
ways in electron transfer and finally some other 
metal-dependent enzymes. 


Some Properties of Metallo-Flavoproteins 


The place of metallo-flavoproteins in the overall 
scheme of electron transfer in cells is illustrated 
diagrammatically as follows : 


SUBSTRATE 
A B Cc 


Pyridine 


nucleotide 


FLAVOPROTEINS 


v v 


Other acceptors Cytochrcme O, 
for example, nitrate 
nitrite 


In scheme A, the substrate is a reduced di- or 
tri-phosphopyridine nucleotide and the acceptor is 
cytochrome c or another oxidant. In scheme B there 
are no nucleotides and the electrons are accepted 
from the substrate by cytochrome c or other 
hem compounds. Enzymes in pathway C are the 
true oxidases linking the substrate directly with 
oxygen. The majority of the flavoproteins in scheme 
A or B contain metals but those in C do not. The 
flavoprotein enzymes oxidize a wide variety of sub- 
strates, hence their importance in metabolism. 

In scheme A there is probably a direct transfer of 
hydrogen between the substrate and the pyridine 
nucleotide, which is stereospecific for both donor and 
acceptor, as was first demonstrated by Vennesland 
and Westheimer for yeast alcohol dehydrogenase and 
diphosphopyridine nucleotide'. Pullman et al. showed 
that the hydrogen is transferred to the para position 
of the nicotinamide moiety of the diphosphopyridine 
nucleotide by alcohol dehydrogenase’. 

Flavin mononucleotide and flavin adenine dinucleo- 
tide (redox potential E, at pH 7, — 0-180 volt) are 
the flavin constituents of enzymes, and they can be 
reduced by materials having £, values of — 0-I volt 

* Substance of four public lectures given at the Biochemistry 
Department of the University College, London, on January 21, 28, 

‘hese lectures wi 


Feb: 4and il. T li be published by the Athione 
Press, University of London, in due course. 


or less and are oxidized by other substances with 
redox potentials above this value. Riboflavin itself 
mediates electron transfer ; for example, the vitamin 
links the flavin adenine dinucleotide bound to pyruvic 
dehydrogenase with that bound to lactic dehydro- 
genase and in lactic oxidase between its bound flavin 
and oxygen. 

The apoenzyme exerts a profound effect on the 
potentials of pyridine nucleotide and flavoprotein 
enzymes and often lowers the activation energy, thus 
increasing the reaction rates of enzymes and de- 
creasing the loss of leucoflavin by autoxidation. The 
substrates and coenzymes are bound to the protein 
in a highly specific way to allow for maximum inter- 
action and, in flavoproteins, —SH binding sites are 
important in this respect. The apoenzyme may also 
stabilize semiquinone type radicals should they 
be formed, thus enhancing reaction with electron 
acceptors. Flavoproteins also mediate a two-electron 
transfer to one-electron acceptors, for example, cyto- 
chrome ¢, in a way which has not been fully elucidated. 

Although a range of flavoproteins will promote the 
oxidation of reduced pyridine nucleotides, they differ 
markedly in their capacity to react with electron 
acceptors. The acceptor pattern, however, may be 
less varied than that shown in Table 1 when hitherto 
unidentified natural carriers are found. A range of 
flavoprotein enzymes thus far known to contain 
metals is listed in Table 2. 

The metal is a constituent of these enzymes as the 
ratio of metal to flavin usually remains constant 
during purification, and the metal either accumulates 
in the purified enzyme or else its addition to the 
purified preparation activates it. With some enzymes, 
for example, nitrate reductase, it is possible to remove 
the metal by dialysis and reactivate the apoenzyme 
specifically by returning it. The diverse roles of 
metals in the enzymes include: (a) binding the 
apoenzyme to flavin, as the first and second transition 
groups of the metals readily form chelates with 
flavins; in blood plasma siderophillin binds flavin 
more readily in the presence of iron and copper ; 
(6) linking the substrate to both hydrogen and 
electron acceptors and binding them in close prox- 
imity ; (c) forming a bridge for tight electronic 
interaction between reduced flavin and the acceptor ; 


Table 1. REACTION OF FLAVOPROTEINS WITH DIFFERENT ACCEPTORS 


Dyes | Iron | Oxy- 
gen 


TPNH cytochrome | 
reductase from liver + i 

Lee d from pig heart + 

DPNH oxidase from i 
Clostridium kluyveri + 

Nitrate reductase from 
N and green 


nts 
Xanthine oxidase (milk) 
aldehyde oxidase from 
pig liver 


é 
: 
A 
Sea chrome | | NO, 
| 
| 
| 
j | 
+ + | +] + + 
cine 
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Table 2. METALS IN FLAVOPROTEINS 
| Enzyme Metal Author Year 
Butyryl CoA dehydro- | Copper| Mahler 1953 
genase 
DPNH cyt. ¢ reductase | Iron Mahler and Elowe 1953 
| Fumaric hydrogenase Harrison 1953 
— reductase (Z. to and Egami 1955 
(A, vine- Nicholas 1956 
Lactic oxidase (yeast) Boeri. Cutolo, 1956 
Luzzati, Tosi 
DPNH oxidase com: Iron Mackler and Green 1954 
Nitrite reductase (NV. and 


crassa) copper | Nicholas and Medina | 1956 
Hyponitrite reductase 
(N. erassa) Nicholas and Medina | 1956 
Nitrite 
stutzeri) Chung and Najjar 1955 


(Pse 
Nitric oxide de reductase 
(Pseudomonas stutzeri) Chung and Najjar 1955 


Iron Richert and Westerfeld; 1953 
Xanthine oxidase (milk)| and Avis, Bray and Bergal) 1955 
molyb- | | Totter et al. 1953 

Xanthine oxidase (bird | denum 


Remy and Westerfeld) 1955 
liver) De Renzo et al. 1953 
Xanthine oxidase Kielley 1955 

(mammalian liver) 


xanthine oxidase Whitely and Ordal 1956 


(bacteria) 
Aldehyde oxidase Mahler, Green et al. 1954 
(C. pas- Molyb- | Shug ef al. 1954 
teurianum) denum 
Nitrate reductase (N. Nason and | 1953 
cElroy 


crassa) 
Nitrate reductase (E. 


Nitrate reductase (green Nicholas and Nason 1954 
plants) 


Nicholas and Medina | 1956 
Packer and Vishniac | 1955 


Hydroxylamine reduct- | Man- 
CN. 
y 


(d) changing the oxidation-reduction potential of the 
system; (e) stabilizing free radicals of the flavin 
should they be formed; (f) valency changes, for 
example, both diaphorase and cytochrome c reductase 
oxidize reduced diphosphopyridine nucleotide and 
reduce Fe*+, and during nitrate reductase action a 
one-electron change involving Mo*+ and Mo‘+ occurs. 
Paper chromatographic methods have now been 
developed to separate the following valency states of 
individual metals for use in enzyme studies: Mo‘t, 
Mo*+ and Mo*+ ; V5+, and V*+ ; and ; 
Cu'+ and Cu*+; Fe*+ and Fe*+; Mn’+, Mn*+ and 


Metallo-Enzymes in Nitrate Assimilation 


The assimilation of nitrate nitrogen in plants 
involves the reduction of nitrate to ammonia result- 
ing in a reduction change of the nitrogen atom from 
+ 5to — 3; a net change of 8 electrons. A number 
of enzymes found in some bacteria, fungi and green 
plants catalyse the reduction of nitrate to ammonia 
via nitrite and hydroxylamine. ‘The recent identi- 
fication of hyponitrite reductase in Neurospora sup- 
ports the view that in plants the aliphatic reductive 
sequence from NO, to NH, proceeds by way of 
two-electron steps. Most of the enzymes in nitrate 
assimilation are flavoproteins containing metals. 

Aliphatic sequence. ‘the importance of molybdenum 
in the reduction of nitrate was established with the 
finding that nitrate accumulated and free amino- 
acids were depleted in tissues of fungi and green 
plants deficient in molybdenum. These effects, how- 
ever, are not specific for molybdenum, as a deficiency 
of manganese may also result in a similar phenomenon. 
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A flavoprotein enzyme has been isolated from some 
bacteria, fungi and green plants which catalyses the 
reduction of nitrate to nitrite. Either reduced di- or 
tri-phosphopyridine nucleotide serves as electron 
donor and flavin adenine dinucleotide is the native 
flavin*. Molybdenum is the metal constituent which 
undergoes valency change from Mo*+ to Mo*t during 
enzyme action. This is, as yet, the only demon- 
stration of a valency change in a metal associated 
with a flavoprotein. Mo*+ which reduces NO,~ non- 
enzymically is itself readily oxidized to Mo*+ in the 
presence of Mo*t, Fe*+ or Cu*+; so that Mo** is 
unlikely to mediate the reduction of nitrate in cells. 
Mo‘ is only stable in strong ethanol and it dismutes 
readily in the presence of a trace of water to give 
Mo‘+ and Mo*+ ; thus a two-electron change from 
Mo*+ to Mo*+ is ruled out?. 

The enzymic sequence of electron transfer in 
nitrate reductase is probably : 


TPNH 
DPNH 


The enzyme activity is reduced by —-SH inhibitors, 
especially between the nucleotide and flavin. A 
phosphate requirement for the enzyme between the 
metal and nitrate does not involve a phosphorylation 
because uncoupling reagents do not inhibit the 
enzyme. Arsenate, tellurate, selenate or silicate can 
replace phosphate‘, presumably because they also 
form complexes with molybdates and have similar 
atomic radii to phosphate, being within the range 
2-4-2-8 A. In a study of the non-enzymic reduction 
of nitrate by Mo*+ it was found that Mo*+ appeared 
simultaneously with the disappearance of Mo*+. The 
oxidation of Mo*+ would therefore seem to proceed 
without the formation of an intermediate. The direct 
transfer of two electrons to nitrate suggests a rupture 
of the N—O bond. 

Nitrate reduction in Z. coli is also mediated by an 
enzyme containing a cytochrome b type pigment‘. 
The enzyme is partially inhibited by 2-heptyl-4- 
hydroxyquinoline N-oxide, indicating the presence of 
hm iron, and in the double-beam spectrophotometer 
there is an oxidation of cytochrome 6 during 
the enzymatic reduction of nitrate. It is feasible 
that both the iron and the molybdo-flavoprotein 
systems exist for nitrate reduction in or, 
although at the present time evidence for the latter 
system is more complete. 

A nitrite reductase enzyme. was first demonstrated 
in cell-free extracts of bacteria by some Japanese 
workers’, who showed that NO,— was reduced to 
ammonia when leuco methylene blue was the electron 
donor. It is unfortunate that much of this work is 
based on the use of dyes, as the natural carriers have 
not been identified. 

A nitrite reductase from Neurospora and soybean 
leaves was shown to utilize 3 moles of reduced 
triphosphopyridine nucleotide or reduced diphospho- 
pyridine nucleotide for each mole of nitrite reduced 
to ammonia**, The enzyme is a flavoprotein con- 
taining flavin adenine dinucleotide in the prosthetic 
group, and is inhibited by metal chelates. The soy- 
bean enzyme was stimulated by manganese, based on 
the oxidation of reduced diphosphopyridine nucleo- 
tide, but this effect could occur at any of the enzymic 
steps between NO, disappearance and ammonia 
production. Using an improved assay method for 
the enzyme, it has been found that copper and 
iron are required for the nitrite reductase and that 
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hyponitrite is the product of this reduction*, Un- 
coupling reagents as well as p-chloromercuribenzoate 
inhibit the enzyme. 

Hyponitrite reductase recently identified in Neuro- 
spore is @ flavoprotein requiring copper and iron for 
maximal activity, and forming hydroxylamine. The 
enzyme requires reduced diphosphopyridine nucleo- 
tide as the electron donor and appears to be distinct 
from nitrite reductase’. 

A hydroxylamine reductase was first identified in 
bacteria by Japanese workers® with the aid of 
artificial carriers. Afterwards, the enzyme found in 
Neurospora and in green plants was shown to be a 
flavoprotein depressed by metal inhibitors, but the 
metal present was not identified’. Recent work in 
this laboratory has shown that the enzyme is 
dependent on manganese. Klausmeyer and Bard 
have found an ammonia dehydrogenase in Bacillus 
subtilis which reversibly catalyses the formation of 
ammonia from hydroxylamine’. The aliphatic route 
may be summarized as follows : 


TPNH or DPNH 
Flavin 


Fe Fe 
Metal Mo __cu Cu Mn 
Oxidation 4 
stateofN +5 +3 +1 -1 —8 


Reduction nitrite hyponitrite — hydroxylamine ammonia 


P 


An organo-reductive pathway in plants was sug- 
gested by de Haba and later by Silver and McElroy’, 
who showed that mutants of Neurospora unable to 
grow on nitrate or nitrite contained enzymes that 
reduced nitrite and hydroxylamine to ammonia. 
They also found some mutants that grew normally 
on ammonia as the sole nitrogen source required an 
exogenous supply of pyridoxine to grow on nitrite or 
nitrate. They suggested that pyridoxine phosphate 
combines with hydroxylamine to form pyridoxamine 
phosphate, which is then transaminated via a keto 
acid to form amino-acids. 

Zucker and Nason identified a metal- and flavin- 
dependent m-dinitrobenzene reductase in Neurospora, 
but this may only be a detoxication mechanism as 
the incorporation of m-nitroaniline into protein was 
not shown’. 


Enzymes in Denitrification, Nitrification and 
Nitrogen Fixation in Micro-organisms 


Denitrification. The reduction of nitrate to nitrite 
is probably similar to the assimilatory step discussed 
previously. Nitric oxide has been detected in mixed 
denitrifying cultures. Cell-free extracts from Pseudo- 
monas stutzeri are capable of reducing NO,~ to nitric 
oxide and nitrogen. Nitrite and _nitric-oxide 
reductases are flavoproteins requiring reduced di- or 
tri-phosphopyridine nucleotides and are activated by 
copper and iron®. The inhibition of the two reductases 
by salicylaldoxime was partially reversed by iron or 
copper only, but this, however, is not unequivocal 
evidence of a requirement for the two metals because 
the reactivation may be due solely to the removal of 
the chelate from the enzyme by copper and iron, 
which have a greater affinity for it than do other 
metals. Nitrous oxide sometimes produced during 
denitrification is unlikely to be an obligatory inter- 
mediate because cells of Pseudomonas denitrificans 
adapted to NO,~ showed a lag period in utilizing 
nitrous oxide, and azide and dinitrophenol inhibited 
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utilization of nitrous oxide but had no effect on 
conversion of nitrite to nitrogen gas*!®, 

Nitrification. This term refers to the oxidation of 
ammonium ion or other nitrogenous compounds to 
nitrate or nitrite by autotrophic organisms usually 
present in soils. Nitrosomonas, which oxidizes 
ammonia to nitrite, and Nitrobacter, which oxidizes 
NO,~ NO,~, are usually Gram-negative organisms. 
Because of the difficulty in growing adequate amounts 
of cells in pure culture for enzyme studies the bulk 
of the work has been done with enriched populations 
of bacteria produced in soil systems. ‘The soil per- 
fusion technique of Lees and Quastel® has been 
particularly useful and these studies have shown that 
the following oxidations are mediated by Nitro. 
somonas : 


(a) () 
NH, NH,OH NO, 


Thiourea inhibits step (a) and hydrazine sulphate 
step (b). On the basis of the thiourea inhibition it is 
suggested that copper is a constituent of the enzyme 
that mediates step (a), but this evidence alone is, 
however, inconclusive. The intermediates postulated 
between hydroxylamine and nitrite include nitroxyl, 
dihydroxyammonia, nitramide and _hyponitrite. 
Hyponitrite, the most stable of the intermediates 
mentioned, was ruled out because washed cells of 
Nitrosomonas failed to utilize it*. Pyruvic oximes are 
also oxidized to nitrite by nitrifiers and chelating 
agents inhibit this transformation. Nitrobacter con- 
verts nitrite to nitrate and in this system the oxida- 
tion of a cytochrome has been observed in whole 
cells but no work has been reported with cell-free 
extracts’. 

Nitrogen fixation. The ability to fix atmospheric 
nitrogen appears to be restricted to micro-organisms, 
including the root nodule bacteria in association with 
their plant symbionts’. Among the free-living 
nitrogen-fixers are photosynthetic algae (Anabaena) 
and bacteria (Rhodosporillium). Heterotrophic 
bacteria (Clostridia, which have complex nutritional 
requirements) also fix nitrogen. 

‘The identification of intermediates in the fixation 
of nitrogen is essentially based on the pioneer work 
of Virtanen at Helsinki" and Burris and Wilson at 
Wisconsin’®. Using nitrogen and ammonia labelled 
with nitrogen-15, the latter group found that glutamic 
acid invariably contained the highest atom per cent 
excess of the stable isotope, followed by aspartic acid 
and then alanine. From this they inferred that 
ammonia was an obligatory intermediate in the 
reduction of nitrogen. ‘This may not be critical 
evidence, since nitrogen and ammonia could be con- 
verted to a common intermediate which may be the 
true precursor of the amino group; for example, 
hydroxylamine could enter the oxime pathway dis- 
cussed under nitrate assimilation. Oximes have been 
detected as excretory products of Azotobacter and 
inoculated legumes by Virtanen". 

A number of investigators have reported that the 
molybdenum required for nitrogen-tixation can be 
partially replaced by vanadium. In our experiments 
iron and molybdenum are important for nitrogen-fixa- 
tion and in some strains vanadium and in others tung- 
sten can partially replace molybdenum in this process. 

‘Ihe enzyme hydrogenase reversibly activates 
hydrogen and it is suggested that the enzyme is 
coupled with nitrogen fixation. ‘his concept is not 
compatible with the observations that: (a) the 
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enzyme is present in H. coli, which requires combined 
nitrogen for growth ; (b) in our experiments in which 
Mott, Mo*+, Mo*+, V&+, V4+, respectively were 
supplied to Azotobacter, hydrogenase activity in the 
vanadium series was comparable with that in the 
molybdenum group, but nitrogen fixation was much 
reduced when vanadium was substituted for molyb- 
denum. 

Shug et al. have shown that hydrogenase from 
Clostridium pasteurianum is ® molybdo-flavoprotein 
and that the molybdenum is required for the reduc- 
tion of cytochrome c!*, In our experiments, however, 
with both Azotobacter and Clostridia, iron deficiency 
had a far greater effect in reducing hydrogenase 
activity than did a shortage of molybdenum. 
Deficiency of molybdenum resulted in depleted 
nitrogen fixation, but hydrogenase activity was not 
markedly reduced ; iron deficiency, however, depleted 
both systems. Thus hydrogenase action is not neces- 
sarily coupled with nitrogen fixation. A fixation of 
nitrogen by cell-free extracts of Clostridium has been 
shown by a difference spectrum for hydrogen, and 
nitrogen showed two peaks at 405 my and 425 my, 
which indicates a reduction in chemisorbed nitrogen. 
The differences, however, are extremely small and it 
is unfortunate that the spectrum was not carried 
beyond 500 my. Winfield’s model for hydrogenase 
and nitrogenase (which has not been characterized) 
presupposed the two systems to be interdependent, 
@ point still in doubt**. 


Some other Metal-dependent Enzymes 


In this section the following metallo-flavoprotein 
enzymes are discussed briefly : xanthine and aldehyde 
oxidases, acyl coenzyme A dehydrogenases, cyto- 
chrome c reductases, reduced diphosphopyridine 
nucleotide oxidase, and enzymes dependent on zinc, 
including pyridine nucleotide dehydrogenases of 
aleohol, glutamic, glucose-6-P and glyceraldehyde-P ; 
and carboxypeptidase and hexokinase. 

Xanthine oxidase will oxidize about 42 purines, 31 
aldehydes, xanthopterin and reduced diphospho- 
pyridine nucleotide using dyes, quinones, oxygen, 
nitrate and cytochrome c, or ferricyanide as acceptors. 
Maximal rates are usually associated with dyes and 
oxygen. Flavin adenine dinucleotide, the native 
flavin, was resolved by chemical and enzymic analysis. 
The X.O. factor required for the elaboration of the 
enzyme in rats proved to be molybdenum, which was 
later found in the enzyme. Iron was also shown to 
be a dietary factor for the formation of the intestinal 
enzyme in the rat and later non-hem iron was found 
in the enzyme. The ratio of the components in the 
enzyme is 8 iron atoms/1 molybdenum atom/2 mole- 
cules of flavin adenine dinucleotide, but the crystal- 
line preparation of Avis e¢ al. has # higher content of 
molybdenum, and the molybdenum value is probably 
nearer 2, as the metal is lost during purification'*. 
The crystalline enzyme contains xanthine oxidase 
and a closely related but inactive form of the enzyme 
which has all the necessary co-factors. Although the 
electrophoretic pattern, solubility analysis and ultra- 
centrifuge data indicate that the crystalline form is 
physiochemically a single component, the results of 
enzymic tests, however, showed that ‘active’ and 
@ closely related ‘inactive’ flavoprotein were present 
in the component”*. 

Aldehyde oxidase is specific for aliphatic or aromatic 
aldehydes and has the same pattern of acceptors as 
for xanthine oxidase. The enzyme contains molyb- 
denum, which can be removed by dialysis. The metal 
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links flavin to cytochrome c. Hem iron of a cyto- 
chrome 6 type, similar to that in lactic oxidase of 
yeast, is also present. ‘The hem is reduced before 
flavin adenine dinucleotide, as the Soret band 405 my 
precedes the flavin reduction at 450 my. The iron 
porphyrin/molybdenum/flavin ratio is 1: 1: 2. 

Acyl coenzyme dehydrogenases catalyse the reversible 
dehydrogenation of saturated acyl derivatives of 
coenzyme A, probably at the « and ® carbon atoms. 
Flavin adenine dinucleotide and copper are present 
in the butyryl coenzyme A dehydrogenase: 6-8 
moles of flavin adenine dinucleotide/12-16 atoms of 
copper/mole enzyme. Dialysis of the enzyme against 
cyanide removes copper, but this has no effect on 
the reversible dehydrogenation. The metal is im- 
portant when cytochrome c or ferricyanide is used as 
an acceptor, but not for oxygen and dyes. Recent 
work has shown that the electron transferring flavo- 
protein is the immediate electron acceptor for the 
three acyl dehydrogenases, which operate on co- 
enzyme A derivatives of fatty acids of various chain 
lengths C,—C, (butyryl coenzyme A dehydrogenase) 
copper-flavoprotein ; C,—C,, iron-flavoprotein ; C, > 
Cy. flavoprotein (the metal has not yet been re- 
solved)?*, 

Reduced diphosphopyridine nucleotide cytochrome c 
reductase and related enzymes. Cytochrome ¢ reductase 
from heart muscle reacts with dyes, quinones and cyto- 
chrome c, but is usually specific for either reduced di- 
or tri-phosphopyridine nucleotide’. Flavin adenine 
dinucleotide has been tentatively identified in the 
enzyme. Non-hxm iron is present in the ratio of one 
atom of iron to four molecules of flavin adenine 
dinucleotide. The metal can be removed by dialysis 
against quinoline and is partially reactivated by 
returning iron to the dialysed preparation. When 
iron is removed, cytochrome c is not reduced. Mahler 
and Elowe have suggested that a diaphorase is a 
degraded cytochrome c reductase because the addition 
of ferric iron will enable a diaphorase system to 
reduce cytochrome c. The removal of iron from 
cytochrome c reductase results in a loss in its capacity 
to reduce cytochrome c but the ability to reduce 
dyes is maintained. 

That Straube’s diaphorase is unlikely to be a 
—— cytochrome c reductase from which iron 

has been removed and that the two enzymes are 
distinct are based on recent work of Kaplan e¢ al.*, 
who showed that (a) the rates of reaction of several 
analogues of reduced diphosphopyridine nucleotide, 
including 3-acetyl pyridine, differ markedly in the 
two enzymes; (b) the addition of ferric iron to 
diaphorase. produces an artificial cytochrome c¢ 
reductase, but the reduction by this system is quite 
slow compared with the reductase ; (c) in the presence 
of citrate, ferrous iron will reduce cytochrome c non- 
enzymically, but the enzymic reduction is faster and 
is thus unlikely to involve the chemical reduction of 
me by ferrous iron. Mahler and Elowe have 
shown that diaphorase and cytochrome c reductase 
have different spectral characteristics!*. 

The significance of cytochrome c reductases in 
metabolism, however, is in doubt as extracts from 
bacteria not containing me, for example, 
Clostridia, catalyse the reduction of the cytochrome c 
by reduced pyridine nucleotides at a faster rate than 
those from animal tissues. Thus it is likely that the 
isolated cytochrome c reductases may not be the 
enzymes which reduce cytochrome in living 
cells and that other natural carriers remain to be 
identified. 
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‘Reduced diphosphopyridine nucleotide oxidase is a 
particulate enzyme complex isolated by Green and 
Mackler’ from beef mitochondria associated with the 
electron transport particle which will mediate the 
following reaction : 
DPNH + H+ + 40, > DPN+ + H,0 
The complete system, which is antimycin-sensitive 
and will not reduce ferricytochrome c by reduced 
diphosphopyridine nucleotide nor oxidize ferro- 
cytochrome c by oxygen, was originally claimed not 
to contain cytochrome c, but this is now in doubt. 
Treatment of the electron transport particle by 
trypsin and deoxycholate removes the capacity of 
reduced diphosphopyridine nucleotide to react with 
oxygen, but it will then catalyse cytochrome c 
reactions. The degraded electron transport particle 
contains flavin, cytochrome 6b type hem, cytochrome 
oxidase hem, copper and non-hem iron. 

Metals regulating alternative pathways of electron 
transfer. When Pseudomonas fluorescens is grown 
under low oxygen tension, large amounts of cyto- 
chrome, catalase and cytochrome peroxidase are 
produced, but flavoprotein systems, including dia- 
phorase and nitrate and nitrite reductases, are 
depleted. At high oxygen tension, however, the 
reverse is true, namely, low production of iron 
enzymes and @ substantial increase in the flavo- 
proteins. The molybdenum requirement of the cells 
is greater and that for iron less at high oxygen 
tension. Thus the terminal electron transfer system 
is dependent on molybdenum in vigorously aerated 
cells, whereas an iron system predominates when 
oxygen is minimal". In a riboflavin-requiring mutant 
of Neurospora, when the vitamin is deficient the 
production of iron enzymes and the iron requirement 
is greater, whereas flavoproteins and the molybdenum 
content of cells are less than when it is grown at 
optimal riboflavin levels. Nitrate is the terminal 
acceptor at optimal vitamin status, whereas oxygen 
serves when riboflavin is deficient!*. 
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Metallo-dehydrogenases and other enzymes. Zinc has 
been identified as a constituent of alcohol, glutamic 
and lactic dehydrogenases based on inhibitor studies 
and emission spectrochemical analysis of the crystal- 
line enzymes. Using the same criteria, glucose 
6-phosphate and glycerophosphate and malic de- 
hydrogenases were also shown to contain zinc, but 
copper and iron were also present in some of these 
enzymes in substantial amounts. The suggestion 
that all pyridine nucleotide-lmked dehydrogenases 
are metallo-enzymes'* lacks direct experimental 


proof. 
Other enzymes dependent on zinc include 


carboxypeptidase from pancreas'* and hexokinase 
from Neurospora”. Uricase has been shown to 


contain copper!*, 
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RELATIONS BETWEEN THE SUN AND THE IONOSPHERE 


GEOPHYSICAL discussion held at the Royal 
Astronomical Society on February 22 was 


A 


devoted to “Ihe Relations between the Sun and the 


Ionosphere’. It was divided into two parts. _ 

In the first part, Dr. M. A. Ellison, Dr. H. Elliot, 
Mr. C. D. Watkins, Mr. C. M. Minnis and Dr. K. 
Weekes read short Papers on “The Great Solar Flare 
of 1956 February 28”. On February 23, 1956, 
observers in Japan saw a flare of magnitude 3+, 20° 
from the west limb of the Sun, which started at 
0331 v.t., and reached a maximum, as judged by its 
line-width, at 0342 + 2 u.t. It occurred in a com- 
plicated spot group which had been changing and 
developing as it moved across the solar disk. The 
flare was bright enough to be seen in white light and 
was followed by a large surge prominence. 

‘The flare was accompanied by a great increase of 
cosmic rays over both the light and dark sides of 
the Earth. In England the total cosmic ray flux at 
ground-level reached @ maximum, equal to twice its 
normal value, at 0350 u.t. ‘lhere was even a sig- 
nificant increase at the equator. 


Radio observations made on the sunlit side of the 
Earth showed that there the ionosphere was dis- 
turbed by the flare in the usual way. A marked 
increase of absorption was recorded at Singapore 
(1° N., 104° E.) and a ‘radio fade out’ was reported 
on commercial radio links. Extra-terrestrial noise 
recorded at Ahmedabad (23° N., 13° E.) was strongly 
absorbed at 0330 U.T. Magnetic ‘crochets’ were 
observed at Singapore and Kodaikanal. ‘The phase 
of waves of frequency 16 ke./s. received from Station 
GBR (England) at Wellington (41° S., 175° E.) 
showed a sudden change starting at 0335 u.T. and 
reaching its maximum at 0415 v.t. 

All these radio phenomena are of a type familiar 
on the sunlit side of the Earth during a sudden 
ionosphere disturbance. After the flare the eritical 
frequencies of the #- and F'2-layers were found to be 
greater than usual. This phenomenon had previously 
been noticed only for the most intense flares. 

The unique feature of this flare was that it pro- 
duced marked effects in the ionosphere on the dark 
side of the Earth. No previous flare has ever been 
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known to do this. The effect on the dark ionosphere 
was most clearly evident in the following ways: 
(a) Long and very long waves, traversing oblique 
paths, were strongly absorbed. For example, the 
strength of atmospherics, received on frequencies 
greater than 10 ke./s. in high and temperate latitudes, 
decreased suddenly near 0345 v.tT. and remained 
small until at least local sunset on February 23. The 
decrease seemed to be smaller at low latitudes, and 
the strength of atmospherics received at Rabat 
(34° N., 6-8° W.) was unaltered. Waves from distant 
commercial transmitters in the frequency range 
70-240 ke./s. were suddenly and strongly absorbed 
at 0345 u.T. in temperate latitudes. (b) The absorp- 
tion of short waves reflected vertically started to 
increase near 0345 u.T. and the increase was greater 
at higher latitudes. The increased absorption lasted 
longer at higher latitudes and near the auroral zone 
it lasted for 50 hr. or more. (c) The height of reflexion 
of very long waves (16 ke./s.) received from Station 
GBR at Cambridge (52° N., 0° E.), after nearly 
vertical reflexion, decreased suddenly by about 
8 km. at 0345 vu.t., reached a minimum (about 
80 km.) at 0405 vu.t., and then increased until 
0600 u.r. The amplitude of these waves was not 
altered. 

These phenomena on the dark side of the Earth 
seem to indicate that the ionization at heights near 
80 or 90 km. was suddenly increased, at about 
0345 v.T., and that the increase was greater, and 
persisted longer, at higher latitudes. The absence of 
extra absorption of the 16 ke./s. waves received at 
Cambridge, and the limited decrease in the height of 
their reflexion, seem to show that there was little 
increase of ionization below 80 km. at those latitudes. 

The ionospheric effect was so sudden that it was 
possible to state with accuracy that it started at 
0345 + 1 u.t. This time was 3 min. after the peak 
intensity of the flare and 14 min. after its start. If 
it is supposed that the effect on the ionosphere was 
produced by a stream of particles which left the Sun 
either at the start of the flare, or at its peak, then it 
would have to travel with a mean velocity of either 
0-37 c or 0-73 c (where c is the velocity of light), ‘The 
cosmic ray effect was observed at the same time as 
the ionospheric effect, and there are difficulties in 
explaining how cosmic rays which could be detected 
at the ground near the equator could have had such 
& small velocity. One suggestion was that they did 
not travel straight from the Sun but had been 
reflected to the Earth from somewhere else, 

The radio observations indicate that a second 
rather slower increase of ionization occurred near 
0530 v.t. and was probably more intense at higher 
latitudes. 

The behaviour of the D-region at sunrise on 
February 23 was different from normal. This differ- 
ence was evident in the variations of amplitude and 
phase of waves of low and very low frequency, and 
in the absorption of high-frequency waves observed 
at vertical incidence. In particular, sunrise effects 
were noticeable earlier than usual, when the solar 
zenith angle had a value of about 98°. It seems 
probable that the D-region had been altered by the 
effects of the flare in some way which allowed the 
first light from the Sun to produce ivnization. Per- 
haps a large number of negative ions had been 
formed, from which the electrons were removed by 
the first light incident at sunrise. 

Explanations of the phenomena on the dark side 
of the Earth meet with the difficulty that, if incident 
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charged particles are presumed to have sufficient 
energy to reach low latitudes in spite of the deviating 
effect of the Earth’s magnetic field, then they would 
have so much energy that they would produce their 
maximum ionization low down in the atmosphere, 
whereas the radio observations show that this was 
produced in the D-region. Dr. Elliot suggested that 
the primary particles in the stream might be single 
ionized helium atoms, with an energy of a few BeV. 
which would be sufficient to carry them to these 
latitudes, and that when they entered the atmosphere 
an electron was removed, and travelled with the 
same velocity. Because of its smaller mass this 
electron would have an energy of only a few hundred 
keV. and would be absorbed near the D-region, where 
it would produce most of its ionization. 

An ionosphere storm was observed on February 25 
with a ‘sudden commencement’ at 0310 vu.t. It 
seems likely that this was the result of the flare of 
February 23, but, since there was so much visible 
activity on the Sun during the days immediately 
before and after the flare, the two cannot be unequi- 
vocably related. The ionosphere storm was of the 
usual type and was not abnormal. 

In the second part of the discussion Prof. C. W. 
Allen, Mr. G. M. Brown, Mr. C. M. Minnis and Mr. 
M. Ryle contributed short papers on “The Solar 
Cycle Variation of the Sun’s Ionizing Radiation’. 
This radiation, which determines the density of 
ionization in the ionosphere, is supposed to consist 
of a ‘background’ which may vary smoothly over the 
solar cycle, together with a ‘slowly varying’ com- 
ponent which comes from the local active centres 
associated with such phenomena as sunspots, faculz, 
and emission of the coronal green line. The problem 
is to separate these two components by considering 
the way in which the ionization varies. An analogous 
problem presents itself in radio astronomy where the 
decimetre wave radiation is observed, and in that 
case it has been possible to separate out a back- 
ground and a slowly varying component. 

One method of separating the two components is 
to plot, at one phase of the solar cycle, measures of 
the radiation against simultaneous measures of solar 
activity. Extrapolation of the resulting curve to zero 
activity gives the magnitude of the background com- 
ponent at that phase of the cycle. Although there 
are difficulties in applying this method, it has given 
valuable results for radio astronomy. 

The best index of the intensity of the ionizing 
radiation seems to be the #-layer character figure S 
given by S = (fE)*/cos x at places where it has been 
shown that coszx & (fHZ)*. This relation is known to 
be fairly accurate for the seasonal variation of noon 
observations made in England. Mr. Brown, working 
with Dr. W. J. G. Beynon, has investigated how S 
varied with the sunspot number R. From a study of 
the amplitude of 27-day periodicities in S and R, and 
also of the solar cycle increase in the average value 
of S, they have estimated that the background 
variation increases by about 100 per cent as R 
increases from 0 to 150, and the slowly varying 
component when R& = 150 is about one-quarter of 
the total ionizing radiation. 

These changes of the background and the slowly 
varying components of the ionizing radiation are 
roughly the same as the corresponding changes 
observed in the solar radio noise measure on & wave- 
length of 10 cm. It has also been shown that the day- 
to-day variations of the radio noise follow quite 


closely those of the H-region character 
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During the eclipse of June 30, 1954, the Sun was 
unusually inactive, and it was possible to deduce the 
distribution of sources of ionizing radiation across it. 
It was found that there was an intensification near 
the east and west limbs, and a weakening near the poles. 
The results coincided closely with the distribution of 
decimetre radio noise radiation over the solar disk. 

The #-layer character figure and the intensity of the 
10-cm. wave-length noise radiation appear to be closely 
related as regards their variation from day to day, 
their variation with the solar cycle, and their varia- 
tion over the solar disk. It cannot yet, however, be 
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concluded that both types of radiation have a 
common origin. Recent estimates of how the tem- 
perature varies with height in the solar atmosphere 
suggest that the chromosphere and lower corona, 
which are responsible for most of the decimetre wave 
emission, would not make as important a contribution 
to the ionizing radiation as would the Lyman con- 
tinuum from photospheric levels. A comparison of 
the ionospheric curves with those of solar noise 
emission on 3, 10 and 20 cm. wave-lengths might en- 
able the height of emission of the ionizing radiation 
to be established. 


OBITUARIES 


Sir Percival Hartley, C.B.E., F.R.S. 


Sm Perrcrvat Hartiey, formerly director of the 
Department of Biological Standards at the National 
Institute for Medical Research, London, died in 
London on February 16 at the age of seventy-five. 

He was born on May 28, 1881, at Calverly in 
Yorkshire and was educated at the University of 
Leeds, where he graduated B.Sc. in 1905. With a 
Grocer’s Company Research Scholarship he went to 
the Lister Institute of Preventive Medicine, London. 
In 1909 he obtained a D.Sc. in the University of 
London and joined the staff of the Imperial Bac- 
teriological Laboratory at Muktesar in India. In 
1913 he returned to the Lister Institute. 

During the First World War he served as a captain 
in the R.A.M.C., and in 1917 was awarded the 
Military Cross. On demobilization he spent two 
years at the Wellcome Research Laboratories. It 
was during this time that he began the study of 
diphtheria prophylactics with which his name will 
always be associated. 

In 1922 he joined the staff of the National Institute 
for Medical Research, where he became the director 
of the new Department of Biological Standards, an 
appointment he held until he retired in 1946. During 
this time, Percival Hartley, more than any other 
man, was responsible for the introduction of the 
International Biological Standards. He educated 
world opinion as to their need. He provided not only 
the immunological standards but also, frequently, 
methods of standardization as well. 

There is no doubt that the years he spent at the 
National Institute for Medical Research were both 
the happiest and most productive of his life. His 
work on the prevention of diphtheria is well known, 
but it is seldom appreciated that the regulations 
which he formulated to be used in Great Britain 
guaranteed the purity, safety and potency of 
immunological reagents in general and diphtheria 
prophylactics in particular. 

It was remarkable that with all his administrative 
responsibilities and obligations he managed to find 
time for research. Among the many subjects he 
studied were the role of non-specific factors on anti- 
body production, the nature of anaphylaxis, the care 
and maintenance of laboratory animals, the standard- 
ization and quality of media. MHartley’s broth is 
world known. 

During this time he received many honours. In 
1927 he was awarded the William Julius Mickle 
Fellowship of the University of London. In 1936 he 
was appointed a Commander of the British Empire ; 


in 1937 he was elected to the Fellowship of the Royal 
Society ; in 1944 he was knighted. When he retired 
in 1946 he laid down his heavy routine duties, but a 
new phase in his career developed. He held a series 
of appointments. During 1946-48 he was Wands- 
worth Fellow of the London School of Hygiene and 
Tropical Medicine. During 1948-49 he was at the 
Sir William Dunn School of Pathology in Oxford. 
During 1949-53 he returned to the Lister Institute. 
He was a member of the British Pharmacopcia 
Commission from 1933 until 1948, and he served 
on the Medical Research Council during 1949-53. 
Throughout this time he continued his research—in 
particular, the effect of purification of antitoxin on 
its ability to cross the placental barrier. 

Hartley taught students and staff alike. His 
teaching was simple and practical. He spoke with 
authority, as one who had spent a life-time in the 


laboratory and had grown up with the great men 
and great events of the world of science. An enthusiast 
himself, by example he made his students enthusiastic. 

In 1948 his old University of Leeds conferred on 
him the honorary degree of D.Sc. In his oration he 
talked of the history of diphtheria prophylactics and 


treatment. I remember the care with which he 
prepared his lecture ; each lantern slide produced a 
flood of recollection. Much of the story was from his 
own experience. 

This précis of the successful career of a brilliant 
man, of his achievements and of the honours he 
received, gives no indication of his courtesy, his 
charm, the tremendous whole-hearted warmth with 
which he greeted his friends; his selflessness, his 
modesty and his kindness to his juniors. A sensitive 
man, who hesitated to protest unless in defence of 
his scientific beliefs or high principles, he was capable 
of a fine flow of invective when faced with stubborn 
inefficiency that would not yield to gentler measures. 
But even then he could not maintain his anger and 
sought the earliest opportunity to make amends. 

He married Miss Olga Parnell in 1920. Lady 
Hartley died in 1950. He is survived by two 
daughters of the marriage. D. A. Lone 


Mr. A. G. Davis 


ARTHUR GEORGE Davis, who died at his London 
home on March 1 at the age of sixty-four, had long 
played an invaluable and peculiar part in the progress 
of geology in south-east England. He was primarily 
an enthusiastic and highly successful collector of 
fossils whose zeal did not wane with the passing 
years. Many a fruitful temporary section would have 
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remained neglected but for his efforts, and some of 
the more permanent exposures yielded rich harvests 
as the result of his periodic visits. Among localities 
especially associated with his name are the Isle of 
Sheppey, Abbey Wood, Kent (where he collaborated 
with Mr. F. J. Epps), and Swanscombe, Kent. 

Davis, however, did much more than collect. He 
studied and described many of the fossils, particularly 
the smaller ones such as Polyzoa and Foraminifera, 
which he obtained, and applied this work to general 
problems of correlation. Important among his 
paleontological papers are those on Lutetian Polyzoa 
(1934), the Foraminifera and correlation of the 
Bracklesham Beds (1937, in collaboration with A. 
Wrigley), and an Eocene Rhabdopleura of his own 
collecting (1949, in collaboration with H. D. Thomas). 


Chemistry in the University of Exeter: 
Prof. H. T. S. Britton 


In September, Prof. H. T. 5. Britton will retire 
from the chair of chemistry in the University of 
Exeter. He was appointed lecturer in chemistry in 
the University College of the South West in 1928 and 

professor in 1935. For the past five years he 
has been director of the Washington Singer Labor- 
atories. A lively and vigorous personality, Prof. 
Britton has always taken an active part in the 
academic affairs of the College, not infrequently 
findmg himself in conflict with the views of his 
colleagues. Under his guidance many students have 
taken external degrees of the University of London, 
including a substantial number of higher degrees. 
Impatient of the delay in obtaining university status 
for the College, but working constantly towards that 
end, he has had the satisfaction of seeing his hopes 
realized during his tenure of office (see Nature, 176, 
899 ; 1955). Before he retires the first Exeter degrees 
will have been conferred on some of his students. 

Prof. Britton’s research interests have been centred 
on the physico-chemical investigation of reactions in 
solution, mainly by measurements of the potentials 
of electrolytic cells incorporating hydrogen, glass and 
metal electrodes, but including also electrical con- 
ductance, diffusion and dialysis, phase rule studies, 
polarimetry and a number of subsidiary techniques. 
His book, “‘Hydrogen Ions’’, now in its fourth edition, 
is an indispensable standby in every laboratory 
concerned with the physico-chemical behaviour of 
solutions of electrolytes. The numerous original 
papers which he and his research students have 
published have played an important part in the 
development of the chemistry of ionic solutions from 
a largely descriptive to a quantitative science. 

Prof. Britton will be succeeded by Prof. H. N. 
Rydon, since 1952 professor of chemistry and 
director of the Applied Chemistry Laboratories in 
the Manchester College of Science and Technology 
(see Nature, 170, 142; 1952). 


— Society : Medals and Awards, 
195 


H.M. THE QUEEN has approved the award of the 
Royal Medals of the Royal Geographical Society as 
follows: Patron’s Medal: Prof. Ardito Desio, 
director of the Geological Institute, University of 
Milan, leader of the successful Italian expedition to 
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During the last few years of his life he took up the 
study of Pleistocene and Holocene non-marine 
Mollusca. He also collected and had an extensive 
knowledge of early geological books and maps. 
Davis was for many years an amateur, but in 1935 
was appointed to the paleontological staff of the 
Anglo-Iranian Oil Co., Ltd., and on his retirement in 
1954 was attached to the Foraminifera Section of the 
Zoology Department of the British Museum (Natural 
History). He worked there and then attended a 
meeting of the Royal Society on the day before his 
death. He received in 1928 the Foulerton Award of 
the Geologists’ Association and in 1943 the Murchison 
Award of the Geological Society of London. He was 
president of the Conchological Society during 1952-54. 
L. R. Cox 


K.2 (28,250 ft.), in 1954, for Himalayan exploration 
and research ; Founder’s Medal : Sir George Binney, 
for services to Arctic exploration. 

The Council of the Society has made the following 
awards: Victoria Medal: Prof. 8. W. Wooldridge, 
King’s College, London, for services to geographical 
studies, and for contributions to the geology, geo- 
morphology, and historical geography of South- 
Eastern England; Murchison Grant: Dr. G. C. L 
Bertram, Fellow of St. John’s College, Cambridge, 
for services to polar research; Back Grant: Dr. 
R. J. Harrison Church, London School of Economics, 
for contributions to the economic geography of 
Africa ; Cuthbert Peek Grant: Kenneth Blaiklock, 
leader of the advance party, Trans-Antarctic Ex- 
pedition, 1956-57; Guill Memorial: Dr. J. C. 
Beaglehole, Victoria University College, Wellington, 
for contributions to the biography of Captain James 
Cook; Mrs. Patrick Ness Award: J. B. Heaney, 
leader of the Gough Island Scientific Survey, 1956. 


Overseas Co-operation by the Department of 
Scientific and Industrial Research 


In reply to questions in the House of Commons 

ing work carried out on a repayment basis for 
overseas countries by the Department of Scientific 
and Industrial Research, the Parliamentary Secretary 
to the Ministry of Works, as representing the Lord 
President of the Council, said that work was only 
undertaken for overseas territories when it was likely 
to be of some interest to the United Kingdom. Most 
of the work involved testing of materials or machines, 
but some long-range research for the Colonies was 
earried out at the Building Research Station, the 
Road Research Laboratory and the Pest Infestation 
Laboratory. There was close and constant inter- 
change of information between the Department and 
research bodies in the United States and Canada, 
facilitated by the United Kingdom Scientide Mission 
in Washington, and so far there had been collaboration 
on the measurement of radio atmospheric noise, 
standardization in radiology, standardization of 
screw threads, and testing the fire resistance of pre- 
stressed concrete beams. Giving further details of 
the five projects on aspects of building practice in 
which the Department was collaborating with the 
Office of European Economic Co-oparation, Mr. H. 
Nicholls said that no definite conclusions had yet 
been reached but it was expected that reports would 
be published in due course. 
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The National Scientific Lending Library 


REPLYING to a question in the House of Commons 
on April 2, the Parliamentary Secretary to the 
Ministry of Works, as representing the Lord President 
of the Council, said that the Department of Scientific 
and Industrial Research had now formed a ‘unit to 
implement the National Scientific Lending Library 
project and this unit would move into temporary 
accommodation in London early in April. The col- 
lection of foreign scientific and technological literature 
had commenced, and it was hoped that full lending 
library facilities would develop at a later stage. 
Erection of a suitable building for the National 
Reference Library of Science was under consideration 
in connexion with a project for building a new 
Patent Office. 


Sherrington Centenary 


THE centenary of the birth of Sir Charles Scott 
Sherrington, a founder and main architect of the 
physiology of the nervous system, is celebrated this 
year. ‘Lhe Royal Society of Medicine, wishing to 
pay tribute to his life and work, proposes to raise a 
fund towards a Sherrington Lecture, for the further- 
ance of knowledge on the nervous system, to be 
delivered from time to time in the Society’s rooms in 
London. Many will wish to contribute: both those 
who were his friends, pupils and colleagues, and those, 
more numerous, who, as patients, doctors and 
scientists, have benefited indirectly from his work. 
Donations should be made payable to the Secretary, 
Royal Society of Medicine, 1 Wimpole Street, London, 
W.1, and cheques crossed ‘Sherrington Memorial’. 
The appeal issued by the Royal Society of Medicine 
bears the signatures of: Sir Russell Brain (president 
of the Royal Coliege of Physicians); Sir Lindor 
Brown (foreign secretary of the Physiological Society) ; 
Prof. J. Fuiton (Stirling professor of the history of 
medicine, Yale University); Mr. W. R. Henderson 
(president of the Society of British Neurological 
Surgeons) ; Sir Cyril Hinshelwood (president of the 
Royal Society); Prof. E. G. T. Liddell (Waynflete 
professor of physiology, University of Oxford); Mr. 
D. W. C. Northfield (president of the Section of 
Neurology, Royal Society of Medicine) ; Sir Clement 
Price ihcmas (president of the Royal Society of 
Medicine); Sir Charles Symonds (president of the 
Asscciaticn of British Neurologists); Sir Francis 
Wakhe (chairman of the Sherrington Memorial 
Committee, Royal Society of Medicine). 


Indian Journal of Mycological Research 


THE first issue of the Indian Journal of Mycological 
Research—the official organ of the Mycological 
Society of India—has just appeared (obtainable from 
the Lepartment of Botany, University College of 
Science, Calcutta) under the editorship of Dr. 8. N. 
Banerjee. in a foreword, the president of the Society, 
Prof. 8. R. Bose, makes a point of emphasizing the 
popular ignorance of the fungi in India and expresses 
hope that this state of affairs may be remedied by 
the work of his Society. ‘Lhe reader will note, perhaps 
with scme surprise but with understanding, that the 
first three papers in this initial volume consist of 
work carried out in Great Britain under distinguished 
exponents in the field of plant pathology. However, 
this is after all not so very strange, since science is 
international and since India is such a large and 
varied territory that problems of plant pathology in 
Europe have their counterpart in very similar prob- 
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lems in India. Thus, in the present issue, we may 
note that a disease of Norway spruce in Scotland is 
matched by a contribution on fungal diseases of 
conifers in the Himalaya; while a paper on the 
effects of age and storage conditions on the suscep- 
tibility of certain vegetables to attack by tissue- 
rotting fungi will find its application just as much 
in some of the provinces of India as in Western 
Europe. The Journal is well produced, with abundant 
line and photographic illustrations of good quality. 
Mycologists and pathologists in Britain will no doubt 
follow the progress of the new Journal with sympa- 
thetic interest. 


Orientation of Churches 


From an account given by a captain in the Parlia- 
mentary Army in the seventeenth century, it would 
appear that when a church was to be erected the 
builders carefully noted the exact point where the 
Sun rose on the morning of the feast of the church’s 
patron saint and then orientated the building 
accordingly. Again, Wordsworth in 1823 says that 
the deviations of the axes of church buildings from a 
true east-west line were due to the fact that they 
pointed to the sunrise on the day of their patronal 
festivals. More recently, this explanation was 
rejected by C. J. P. Cave and others. But now fresh 
investigations seem to confirm the old tradition. 
The Rev. Hugh Benson, in an article in the Antiquaries 
Journal for July—October 1956, points out that a 
number of readings made by Cave did not take 
account of the fact that nowadays the true horizon 
is frequently concealed by buildings or other obstruc- 
tions, and it is necessary to wait for the Sun to 
appear above them. Now, especially in winter, as 
soon as the Sun has risen above the horizon it appears 
to move southwards in its journey across the heavens, 
and so, should there have been any appreciable 
interval between its actual rising above the horizon 
and its ap ce to the watcher, the east—west 
axis of the building would be several degrees out of 
the true. A great many of the churches in Oxford- 
shire have been re-examined, and a large proportion 
are in fact correctly aligned. In the absence of any 
tradition of precise measurement in the Middle Ages, 
it is not to be expected that every case should con- 
form perfectly, but the fact that so many churches 
are exactly orientated is significant. The acceptance 
of the Julian calendar introduced a further com- 
plication. The occurrence of crooked naves may be 
largely explained by the fact that any rebuilding of 
the chancel would involve a reorientation of the 
east-west axis owing to the changed position of the 
sunrise according to the new calendar. But all 
crooked naves cannot be thus interpreted. What 
about the odd orientation of the nave and west tower 
of St. Benét’s Church, Cambridge ? 

Benson’s article is a very good corrective of the 
assertions made by Cave, Eeles and others, and it 
would seem certain that in a large number of cases 
the orientation of churches did have a connexion with 
the sunrise on the day of their patronal festivals. 


Pacific Science Board: Report for 1955 


Amone the operations during 1955 which are noted 
in the ninth annual report of the Pacific Science 
Board (pp. 58. Washington, D.C.: National Academy 
of Sciences—National Research Council, 1956) is the 
co-ordinated investigation of Micronesian anthropo- 
logy, for which the posts of district anthropologist 
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for the Trust Territory of the Pacific Islands are being 
continued. The major part of the field-work on the 
atoll programme has been completed, and H. J. 
Wiens is now working on an interpretative study of 
man and Nature in coral atolls. The volume, “Island 
Bibliographies’, by M. H. Sachet and F. R. Fosberg, 
was published as Publication No. 335 of the National 
Academy of Sciences—National Research Council, 
and eleven numbers of the Atoll Research Bulletin 
were issued during the year. The Invertebrate Con- 
sultants Committee for the Pacific held its annual 
meeting in Honolulu on March 9-10, when the col- 
lection was authorized of sufficient numbers of the 
carnivorous snails on the island of Agiguan to permit 
experimental releases in several areas of the Trust 
Territory and on Guam for control of the giant 
African snail, Achatina fulica. Support was continued 
for the control of the Palau beetle, four further 
volumes in the ‘Insects of Micronesia Series” were 
published, and, in addition to other research on the 
rhinoceros beetle, a three-year research survey is 
being made into rhinoceros beetle diseases. Five 
further reports were issued under the programme of 
scientific investigations in the Ryukyu Islands, and 
the final report on the study of the cultural changes 
in Okinowa since 1945 was also distributed. Bio- 
logical investigations include the initiation of a three- 
year biological and ecological study of Pacific island 
rats at Panape in the Eastern Caroline Islands, and 
more than two thousand species of marine and fresh- 
water fishes and marine invertebrates were collected 
at 280 stations in the Palau Islands. Through its 
Conservation Committee for Micronesia the Board is 
concerned with the preservation of endangered 
species, the establishment of parks and reserves and 
the control of the introduction of exotic species. 
Plans are being made for four conservation reserves 
representative of Guam soils, plants and wild-life, 
and studies were made of the wild-life situation in 
Malaya and Burma. 


University of Leeds Brotherton Library 


THE annual report of the librarian on the Brother- 
ton Library at the University of Leeds (pp. 11. 
Leeds: University Library, 1956) for 1955-56 
records a total holding of 567,121 volumes at June 
30, 1956, of which 398,854 were in the Brotherton 
Library, 42,350 in the Brotherton Collection, 32,793 
in the Medical Library, 36,540 in the Agricultural 
Library, 6,466 in the Textile Library, 13,390 in that 
of the Institution of Education and 24,554 in the 
twenty-nine Departmental Libraries. Loans to 
readers totalled 97,170 and inter-library loans 4,437. 
Owing to financial stringency, the Library Committee 
assumed financial responsibility and central adminis- 
tration for ordering books for the Library of the 

ment of Adult Education and of Extra-mural 
Studies from the beginning of the quinquennium, the 
actual management of the Library remaining with 
the Department. This arrangement has now been 
terminated, and it is hoped that an assistant librarian 
will before long be appointed. 


Yale Medical Library 


THE annual report of the Yale Medical Library for 
the academic year 1955-56 (pp. 34. New Haven, 
Conn.: Yale Medical Library, 1956) comments on 
developments in electronic and other types of memory 
units for handling and storing information, of which 
it is hoped the Library will be able to take advantage 
in the next few years. Results of a study on moder- 
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ately used periodicals designed to show whether it 
would be advantageous to continue binding or to 
shelve them in compact storage boxes were in- 
conclusive, and binding is being continued. The 
recorded circulation increased by 37 per cent over 
the previous year, and it appears that new circulation 
procedures have contributed to a net gain of 36 per 
cent in availability. The total number of/volumes at 
the end of the year was 289,091, compared with 
282,141 in the previous year. 


The National Museum, Bloemfontein 


THe annual report of the National Museum at 
Bloemfontein for the year ended March 31, 1956 (pp. 
16. Bloemfontein: National Museum, 1956), urges 
the need for an extension of two wings to the present 
building for purposes of additional exhibition and 
storage space as well as the provision of laboratories. 
The establishment of a Committee of Heads of State 
Aided Institutions has proved a most important and 
constructive event, bringing the Museum into close 
contact with the Department of Education, Arts and 
Science. New displays include a historic printing 
press and dioramas of wildebeest, and other Free 
State antelopes. The new lecture theatre has 
been used to great advantage, and plaster casts of 
dinosaur tracks from Basutoland form an important 
acquisition. 


Kumasi College of Technology, Ghana 


THE Kumasi College of Technology came into legal 
being on October 6, 1951. It has now published 
an attractive Calendar setting out particulars of its 
courses, fees, facilities for student activities, as well 
as the names and appointments of its academic staff. 
It is pleasing to see Africans serving as deputies to 
British people in some departments and equally 
pleasing to see British people serving as deputies to 
Africans in others. Among the courses offered are 
four-year rural-subjects courses in the Department 
of Agriculture, the facilities including a thirty-acre 
arable farm and a market garden of three acres. ‘The 
Department of Commerce offers courses in account- 
ancy, secretaryship and administration and estate 
management. Besides degree courses in engineering, 
the College offers a course in surveying. Other 
Departments include those of Pharmacy, Science and 
General Studies, and Teacher Training, the latter 
including courses in physical education, housecraft, 
arts and crafts, and music. Copies of the Calendar 
may be obtained from the London Office, 29 Tavistock 
Square, London, W.C.1. 


Research at the University of Birmingham 


THE twenty-seventh annual report of the Research 
Committee of the University of Birmingham (pp. 97. 
Birmingham: The University, 1957) gives a general 
survey of research completed and in progress during 
the academic year 1955-56, with lists of publications 
and of theses approved for higher degrees, classified 
according to their departments of origin. Since the 
beginning of the session 1955-56 the allocation of 
research grants to individual members of staff has 
been carried out by the faculties, to which block 
allocations have been made for that purpose. The 
Committee has continued to make individual grants 
from the Field Research and Expeditions Fund 
ts of Geology, 
Ancient History and Archeology, and Extra-Mural 
Studies. 
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Training in Industry 

BrrorE the Second World War the amount of 
systematic training in British industry to fit indus- 
trial workers for their jobs was so small that it could 
be said to be almost non-existent. Since the War 
more and more firms have come to realize that 
traditional rule-of-thumb methods are costly, waste- 
ful and inefficient and have done much to put their 
houses in order. To help all who are interested 
the Institute of Personnel Management is publishing 
@ series of broadsheets which will cover various 
aspects of education in industry. The first of these, 
by E. Tegla Davies, education officer of Cadbury 
Bros., Ltd., provides an introduction to the scope 
and general principles of industrial training. The 
broadsheet describes the duties of an industrial 
education officer as well as the forms and techniques 
of industrial training. There is also a very useful 
bibliography. Other broadsheets in the series will 
deal with the training of unskilled or semi-skilled 
operatives, apprentices, clerical workers, supervisors 
and management. Further information can be 
obtained from the Institute of Personnel Management, 
Management House, Hill Street, London, W.1. 


Field Studies in Scotland 


TuE Scottish Field Studies Association has arranged 
another interesting series of courses for 1957. Most 
of these will be held at the Garth Field Studies Centre 
in Perthshire, where the Association is able to share 
&@ magnificently situated youth hostel. Colin Murdoch, 
well known in Scotland for his broadcasts on natural 
history, will lead courses on ornithology and general 
field studies, and Dr. Joy Tivy will introduce begin- 
ners to geographical field studies. Other courses at 
Garth will be concerned with grasses, sedges and 
rushes ; plant ecology ; and mosses and liverworts. 
A longer course in nature study for teachers will be 
held at ise House, Dunkeld, Perthshire, and 
will be led by Dr. John Smyth. Opportunities for 
geologists are provided at Lamlash, Isle of Arran, 
different courses being conducted by John Ashford 
and Dr. Norman Holgate. Further information can 
be obtained from 3 Woodend Drive, Glasgow, W.3. 


Forest Research—Products and Pathology 


THe report of the Forest Products Kesearch 
Board for 1955 (Department of Scientific and Indus- 
trial Research. Pp. vii+69+8 plates. London: 
H.M. Stationery Office, 1956) says that during the 
year there was little change in the general direction 
of the work of that laboratory, many inquiries being 
received and the volume of advisory and short-term 
work showing no decrease. The work for the Forestry 
Commission on the testing and evaluation of home- 
grown species has increased, but the report states 
that since the plantations are still immature the tests, 
though of interest, will continue for some years to be 
in their exploratory stages. The major commitments of 
testing and assessing new Colonial timbers and the 
important question of timber identification have 
engaged all sections, involving the co-operation of 
the forest botanist and the wood anatomist. 
Important work in this connexion has been carried 
out with dipterocarp timber from south-east Asia 
and a@ research bulletin has been published on 
Meranti, Seraya and allied timbers from the region. 
Twe-industrial surveys have been undertaken, one 
in connexion with the woods used for musical 


instruments, and the other on the railway wagon 
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and coachbuilding trade. Seasoning and testing of 
timber structures and research into plywood bending 
have continued. A special report has also been 
issued on laminated timber construction. 

The first Bulletin on Forest Pathology in New 
Zealand (New Zealand Forest Service. Pp. vi+62+ 
12 plates. Wellington: Government Printer, 1955) 
by J. J. de Gryse deals with the economic importance 
of insects and disease in the forests of the Dominion. 
‘There are two types of forests in New Zealand, the 
indigenous forests of sub-tropic and sub-antarctic 
types, and the large exotic conifer plantings. The 
study of both types and their relations and bearing 
on each other, which led to the present research, was 
due to the appearance of two insects: a Sirex which 
had been known in New Zealand for 25 years, during 
which it had been harmless until about 1948, when 
it increased in numbers and commenced an attack 
lasting three years, only to be followed by a plague 
of looper caterpillars in 1951-52. The attacks of 
these two during this period on the exotic pine were 
very heavy and threatened an area of 10,000 acres 
of valuable forest. 


Meteorology in the International Geophysical Year 


THE World Meteorological Organization has pub- 
lished a general survey of the meteorological pro- 
gramme for the International Geophysical Year. 
This booklet (pp. vii+112. Geneva: World Meteor- 
ological Organization, 1956. 10 francs) gives a full 
statement of the aims of the meteorological plan and 
a history of its development in collaboration between 
the Comité Spécial pour l’Année Géophysique Inter- 
nationale and the World Meteorological Organiza- 
tion. A very full commentary on the reasons for 
every aspect of the plan is given with remarks on the 
urgent work still to be done if technical needs are to 
be met. The organization appears to be most com- 
plete for the Antarctic, where there will be some 
eighteen stations in operation, transmitting their 
observations to the Weather Control at Little 
America on the Ross ice shelf. An important part of 
the book deals with the collection and distribution of 
the observations. The observations will be entered 
on special forms, illustrated in the book, and sent to 
the Meteorological Data Centre in the World Meteor- 
ological Organization Secretariat, where they will 
be reproduced on microcards for sale at cost price. 


Thunderstorms and Sporadic E-layer lonization 


THE oceurrence of reflecting layers in an erratic 
manner, that is, not in accordance with the norma! 
diurnal variation in the ionosphere, has been known 
for many years. C. T. R. Wilson suggested thirty 
years ago that these layers might be produced by 
thunderstorms, either by the shooting upwards of 
electrons from the thundercloud or by electric dis- 
charges in the ionosphere released in the very thin 
air by the electric field of the storm. Since then 
some evidence has been for Wilson’s hypothesis and 
some, mainly statistical, against it. Now an account 
has appeared, by R. G. Rastagi (Indian J. Meteor. 
Geophys., 8, 43; 1957), of six isolated thunderstorms 
at Ahmedabad, India, over which a sporadic E 
reflecting layer formed in the ionosphere. The 
records of sporadic H reflexions are given in detail. 
The sporadic E-layer formed at heights of 100- 


- 140 km. within half an hour of the onset of the storm. 


The storms were all outside the monsoon season. 
Storms during the monsoon period are at a lower 
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level than these isolated storms and do not produce 
a sporadic H-layer. The evidence seems definite, but 
it is not stated if sporadic H-reflexion ever occurs at 
Ahmedabad without the presence of thunder. 


Electron Transport in Metals and Solids 


THE complete proceedings of the international 
conference on “Electron Transport in Metals and 
Solids”, which was held in Ottawa at the National 
Research Council Laboratories during September 
10-14, 1956, have now been published as a supple- 
mentary number of the Canadian Journal of Physics 
(34, No. 12A; Dec. 1956). A summarized report 
appeared in Nature (178, 1216; 1956). Of the fifty- 
seven members invited to attend, seventeen were 
from Canada, seventeen from the United States, 
seven from Great Britain, and the remainder from 
eleven other countries, including India, Japan and 
Russia. Prof. N. F. Mott (Cambridge) was the 
chairman and Dr. T. H. K. Barron (National Research 
Council, Ottawa) acted as reporter for the discussions 
following the twenty-three papers which were pre- 
sented to the conference. The rapidity of publication 
of the proceedings is commendable and enhances the 
value of the conference as well as bringing much 
valuable information while it is still current to the 
notice of physicists in general. It is a pity, however, 
that abstracts could not have been included for all 
the papers instead of for only a few. The main 
interest of the conference was on the theoretical side 
and on the correlation between theory and the 
experimental data, but many points of value to the 
experimentalist or applied physicist were also touched 
upon or arose in the discussion. 


Mathematical Tables 


Tue Mathematics Division of the National Physical 
Laboratory, in the twelve years of its existence, has 
done much general computing, but has not neglected 
the wider duty of checking existing mathematical 
tables and constructing new tables. Publication of 
new tables in periodicals is not always convenient, 
either to readers or to editors ; the splendid series of 
British Association Mathematical Tables, now suc- 
ceeded by the Royal Society’s Tables, deal mainly 
with fundamental tables of fairly wide application, 
and there is a strong case for rapid publication, in a 
somewhat more austere format, of a series of tables 
of the type constructed by the Mathematics Division 
in response to some particular need. The first volume 
(National Physical Laboratory. Mathematical ‘Tables. 
Vol. 1: The Use and Construction of Mathematical 
Tables. By Dr. L. Fox. Pp. iv+60. (London: 
H.M. Stationery Office, 1956.) 17s. 6d. net) has now 
appeared : it is an introduction to the whole series, 
and deals with the use of tables, the theory and 
formule of interpolation, and the general methods 
which may be used in the construction of mathe- 
matical tables. It thus forms a necessary preliminary 
to the full understanding of the succeeding volumes, 
while by itself it is an excellent concise essay on 
computing processes. The second and third volumes 
of the new series will contain tables of the Everett 
interpolation coefficients, and exponential integrals. 


Sperm Whales 

Tue Discovery Committee was set up to investigate 
biological and oceanographical problems concerned 
with whales and whaling, and the early reports 
reflect this clearly. Since the reports, however, 
became the official publication of the National 
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Institute of Oceanography, mention of whales and 
whaling has become rare. Robert Clarke has devoted 
a recent report (“Discovery Report’, 28, pp. 237- 
298. Cambridge: At the University Press, 1956) to 
an account of the sperm whales of the Azores in all 
aspects of their biology and bionomics. To the whale- 
man no doubt the bionomics are of over-riding 
interest, but to the more general reader ‘the descrip- 
tions of schooling of the whales, their migrations, 
food, breeding and life-cycle are fascinating. The 
whalers of the Azores still make their kill from open 
boats by hand harpoons, and Dr. Clarke has described 
the industry in an earlier report (‘‘Discovery Report’, 
26, pp. 281-354; 1954). His knowledge of sperm 
whales and open-boat whaling proved of value to the 
general public and the film industry when he served 
as scientific advisor for the film “Moby Dick’’. 


Systematics of the Fishes of the Family Carapidae 


Tue Carapidae, or fierasfers, are a family of fish 
which are of exceptional interest to zoologists as the 
only family of vertebrates which live as internal 
parasites. In a recent paper (Bull. Brit. Mus. (Nat. 
Hist.), Zool., 4, No. 6, 245; 1956), D. C. Arnold has 
made a long-overdue systematic revision of this 
little-known group. He introduces the paper with an 
account of the life-history of the best-known species, 
Carapus acus. In this species the larva which hatches 
from the planktonic egg is called the vexillifer and 
carries dorsally the vexillum or banner as long as 
iteelf. After a period of planktonic life, the vexillum 
degenerates, the larva descends to the sea-bed and, 
entering through the anus of a holothurian, meta- 
morphoses to a second larval stage, the tenuis. Once 
entered into a holothurian, it must remain there 
feeding on the tissues of the host until a second 
metamorphosis into the juvenile; if a tenuis is 
removed from its host it will live for a few days in 
sea water, but is incapable of re-entering into a 
holothurian and will eventually die. The juvenile, 
on the contrary, will immediately seek to enter any 
holothurian offered to it, as will the adult. Mr. 
Arnold briefly discusses his investigations into the 
stimulus which provokes this reaction, which have 
shown that a combination of visual, tactile and 
chemical stimuli is concerned. The juvenile enters 
through the anus of a holothurian head first, while 
the adult enters tail first by a corkscrew motion. 
The fish probably remains there feeding on ite host’s 
gonads until the holuthurian eviscerates. The adult, 
but not the juvenile, is apparently capable of feeding 
while outside the host. Most species of the family, 
which consists, according to Mr. Arnold’s revision, 
of three genera, seem to be parasitic and to live very 
similar lives, but the adults of Echiodon drummondi 
are probably free-living. Mr. Arnold emphasizes the 
strong neotenic tendency which is evident in the 
evolution of the group and his systematic revision 
goes far to clarifying a most difficult group. 


International Congress of Mathematicians, 1958 


Art the invitation of the City and University of 
Edinburgh and the Royal Society of London, the 
International Congress of Mathematicians will meet 
in Edinburgh during August 14-21, 1958. There 
will be eight sections, devoted to: logic and founda- 
tions; algebra and theory of numbers; analysis ; 
topology ; geometry; probability and statistics ; 
applied mathematics, mathematical physics and 
numerical analysis; and history and education. 
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Those who wish to receive further information about 
the Congress are requested to communicate with the 
secretary, Mr. F. Smithies, Mathematical Institute, 
16 Chambers Street, Edinburgh 1, as soon as 
possible, preferably in English, French, German or 
Russian. More detailed information and form of 
application for membership of the Congress will be 
issued later. 


University of Birmingham 

Tue following appointments in the University of 
Birmingham are announced: Dr. V. G. Welsby, to 
be lecturer in electrical engineering from June 1 ; 
and E. N. Corlett, to be Tube Investments Fellow in 
the Department of Engineering Production. The 
title of reader in soil mechanics and foundation 
engineering has been conferred on Dr. J. Kolbus- 
zewski, lecturer in. civil engineering. 

Approval has been given for the establishment of a 
graduate course in information engineering to be 
given in the Department of Electrical Engineering 
beginning in October 1957. The course will be of 
twelve months duration and will lead to the degree 
of M.Se. by examination. Candidates for admission 
to the course will normally be expected to hold 
an honours degree im electrical engmeering or in 
physics. 

University of London: Appointments 

Tue following appointments in the University of 
London have been announced: Dr. J. M. Alexander, 
of the English Electric Co., Ltd., to the University 
readership in plasticity ; Dr. Jeffrey Edelman, to the 
University readership in plant physiology ; and Dr. 
Helen K. Porter, principal scientific officer in the 
Institute of Plant Physiology, to the. University 
readership in enzymology ; all being tenable at the 
Imperial College of Science and Technology; Mr. 
E. J. Le Fevre, senior principal scientific officer and 
head of the Heat Division of the Mechanical Engin- 
eering Laboratory at East Kilbride, to the University 
readership in mechanical engineering tenable at 
Queen Mary College. 


The Royal Society of Tasmania: Officers 


Tue following were recently elected to office in the 
Royal Society of Tasmania: Vice-Presidents, Dr. 
W. L. Crowther and Mr. J. W. C. Wyett; Council, 
Mr. Justice Crisp, Mr. R. M. H. Garvie, Prof. T. 
Hytten, Mr. C. Bisdee, Dr. D. Martin and Dr. W. V. 
Teniswood ; Hon. Secretary, Dr. W. Bryden; Hon. 
Treasurer, Mr. G. E. Hale. 


Announcements 

Bricapiesr L. F. V. Carey, director of Military 
Survey, War Office, has been appointed director 
general of the Ordnance Survey im succession to 
Major-General J. C. T. Willis, who is retiring. 
Brigadier Carey will be granted the temporary rank 
of major-general on assuming this appointment on 
June 1. 

A symposium on the “Origin of Life’, organized 
under the suspices of the International Union of 
Biochemistry, will be held in Moscow during August 
19-24, followed by a visit to Leningrad. Further 
details can be obtained from the Secretary of the 
Organizing Committee, Prof. G. A. Deborin, Institute 
of Biochemistry, Academy of Sciences of the U.S.S.R., 
B. Kaluzskaya 33, Moscow, B.71, U.S.S.R. 
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A symposium on “Solvent Effects and Reaction 
Mechanism” is being arranged by the Chemistry 
Mary College, University of 
London, with the support of the Chemical Society. 
It will be held in the Queen’s Building, Queen Mary 
College, during July 8-9. Further details can be 
obtained from the General Secretary, Chemical 
Society, Burlington House, London, W.1. 


A SumMER School in programme design for auto- 
matic digital computing machines will be held in the 
University Mathematical Laboratory at Cambridge 
during September 16-27. A detailed syllabus and 
form of application for admission may be obtained 
from G. F. Hickson, secretary of the Board of Extra- 
Mural Studies, Stuart House, Cambridge, to whom 
the completed application form should be returned 
not later than June 15. 


An International 8 ium on ‘Physical Prob- 
lems of Colour Television”’ will be held in Paris at the 
Conservatoire des Arts et Métiers, during July 2-6. 
The Symposium, which is sponsored by the Inter- 
national Union of Pure and Applied Physics, jointly 
with the Société Frangaise de Physique, the Société 
Frangaise des Radioélectriciens and the Société Fran- 
gaise des Ingénieurs et Techniciens du Vide, will 
provide an opportunity for discussing, inter alia, 
human vision, image analysis and restitution, assess- 
ment of picture quality and coding procedures for 
transmission of colour signals. Inquiries should be 
addressed to the Symposium Secretary, Conservatoire 
National des Arts et Métiers, 292 rue Saint-Martin, 
Paris 3. 

A RESIDENTIAL conference on “Recent Advances in 
Gelatin and Glue Research” is to be held at the 
University of Cambridge during July 1-5, under the 
auspices of the British Gelatine and Glue Research 
Association. The subjects under discussion include 
the structure, properties and origin of animal con- 
nective tissue ; the conversion of collagen to gelatin ; 
the chemical composition of gelatin; the chemical 
and physical properties of gelatin and the relation of 
gelatin properties to the uses of commercial gelatines 
and glues. About thirty scientific papers will be read 
and later published as a collected volume. Attendance 
is by invitation from the Conference sub-com- 
mittee of the Association. Further information 
can be obtained from the Conference S 2 
Dr. George Stainsby, The British Gelatine and 
Glue Research Association, 2a Dalmeny Avenue, 
London, N.7. 

Txe University of Sheffield, Department of Glass 
Technology, is to hold a summer school on “Recent 
Developments in the Physics and Chemistry of 
Glasses” during July 21-27. It is proposed to have 
four sets of formal lectures on the following topics : 
“The Thermodynamics of Glasses’, by Dr. RK. O. 
Davies (Queen Mzry College, London); ‘Defects in 
Glass Structure”, by Dr. J. M. Stevels (Eindhoven, 
Holland); ‘The Flow of Glasses”, by Prof. R. W. 
Douglas (University of Sheffield) ; and ‘“The Structure 
of Glasses” (lecturer to be announced). The lectures 
will be addressed primarily to graduates employed in 
the glass industry ; physicists and chemists interested 
in the glassy state should also find them valuable. 
The fee for the course will be £15 inclusive of the 
charges for board and accommodation. Applications 
should be made to Prof. R. W. Douglas, Department 
of Glass Technology, ‘‘Elmfield”, Northumberland 
Road, Sheffield 10. 
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HE mountain gorilla was first described scien- 
tifically by Matachie in 1903, from a specimen 
collected two years previously on the southern 
slopes of Mount Sabinio by a German, Captain 
von Beringe. It was named Gorilla gorilla beringei 
after its discoverer, to distinguish it from Gorilla 
gorilla gorilla, the West African forest race. An 
account of the mountain gorilla has been given by 
John Blower (Oryx, 3, No. 6; November 1956). 

There is no marked difference in size between the 
mountain and forest gorillas; where there are 
differences these are due mainly to environmental 
influences. The chief distinguishing characteristic of 
the mountain race is the well-developed crest or 
‘helmet’ of hair on the top of the head ; it occurs in 
both sexes, but is more pronounced in the male. An 
adult male gorilla is about 6 ft. in height when fully 
erect and weighs some 400 Ib. In its natural habitat 
it is usually seen in a crouched or semi-erect position 
and impresses more by the immense bulk of the 
animal’s ‘body and by the girth of the chest and 
neck than by its height. The chest measurement of 
an adult male is in the region of 70 in. The head, 
body and limbs are covered with coarse black hair 
except for the central part of the face from the eyes 
to the mouth, which is naked ; so, too, are the ears, 
the inside of the hands and the soles of the feet. 
The females are considerably smaller and probably 
do not exceed 4 ft. 6 in. in height. 

The largest concentration of mountain gorillas is 
to the north-east of Lake Kivu in the Birunga 
voleanoes, which lie mainly in Belgian territory, but 
extend into Uganda. It is improbable that there can 
be more than a total of 1,000—1,500 mountain gorillas 
in existence to-day. This gorilla is found only at 
high altitudes in very mountainous country—6,000 ft. 
and above in Kayonza, 8,000 ft. and above in 
Birunga. 

Traces of gorillas are found at all elevations from 
about 9,000 ft. to the summits of the mountains, but 
they appear to favour the Hypericum woodland zone 
or ‘rugeshi’. They make forays into the bamboo 
zone in search of bamboo shoots, and to a lesser 
extent into the sub-alpine and alpine zones, but their 
beds are rarely found elsewhere than in the Hypericum 
woodland and this must be regarded as the true 
gorilla habitat. Gorillas are usually found in troops 
of 5-15, though several troops will sometimes join 
together to form a much larger group. Every troop 
seems to be made up of several family groups, each 
of an adult male with one or two females and im- 
mature animals, one of the males being dominant 
and recognized as leader of the troop. The low pro- 
portion of young animals is most noticeable and 
seems to indicate a very low breeding-rate. A high 
infant-mortality due to the depredations of leopards 
and to chest complaints may be a contributory factor. 

Each troop has its own quite limited territory, in 
which it remains for weeks or months at a time and 
from which it is reluctant to move even when dis- 
turbed by human activity. Troops change their 
territory at different times of the year, and there are 
undoubtedly considerable seasonal movements in 
both the Birunga and Kayonza habitats. These 
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movements are mainly influenced by food require- 
ments. 

Gorillas are entirely diurnal and spend most of the 
day feeding, when the troop keeps fairly close 
together and movement is slow. They make little 
noise apart from an occasional low staccato bark. 
Gorillas are entirely vegetarian, their food generally 
consisting of some part of the stem of a plant rather 
than the leaves. 

Compared with most other animals, gorillas are 
easy to approach, and their senses of hearing and 
scent are not particularly keen. Like other 
they seem to rely mainly on sight to warn them of 
danger. The alarm cry is loud and high-pitched, a 
mixture between bark and roar. This is a signal for 
the immediate retreat of the females and young, 
while the adult males remain as a rearguard. 

Aggressiveness is very rare. There are very few 
records of deliberate attacks on human beings by 
gorillas, though there have been a number of reports 
of demonstrations by old males. Gorillas will, how- 
ever, attack if wounded or cornered or if their young 
are threatened; then they are most formidable 
opponents.. On the whole, however, the ferocity of 
gorillas has been y and, unless 
molested or provoked, they are normally most docile 
and harmless creatures. 

They climb trees where necessary to obtain food 
or in order to construct beds, but their normal habit 
is terrestrial rather than arboreal. Beds are made by 
pulling down surrounding woody vegetation and 
forming it into a roughly circular or oval pad about 
12 in. thick, 2-3 ft. in diameter, and slightly hollowed 
in the centre. Besides beds, gorillas sometimes make 
temporary resting places in the bamboo forest by 
bending over the feathery tope of a number of bam- 
boos, thereby forming a springy and comfortable 
platform 6-8 ft. above ground-level, apparently for 
use during the day. All the beds are heavily fouled 
with excrement. Gorillas appear to construct fresh 
beds at frequent intervals and probably every day. 

Little is known concerning the reproduction of 
gorillas; but the composition of the typical troop 
suggests a form of limited polygamy. The period of 
gestation is not known, but is probably not less than 
ten months. 

There are few data on the rate of growth and 
development ; but Pitman has recorded that a 
young mountain gorilla in captivity weighed 9 lb. 
two months after birth, and he suggests that puberty 
is reached at about 12-14 years of age. Nothing is 
known concerning the longevity of gorillas; but it 
would seem doubtful if they can have an expectation 
of life of more than about forty years. 

The mountain gorilla is a very rare animal the 
continued survival of which is by no means assured 
unless more effective steps are taken for its preserva- 
tion than is being done at present. The danger to the 
gorilla is indirect, through destruction of its habitat. 
This is particularly true in Uganda, where cultivation 
on the lower slopes of the Birunga volcanoes has 
already reduced the original gorilla habitat by hajf. 
Mining activities and new roads are likely soon to 
become a threat to the gorilla in the Kayonza for 
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THE ROCKEFELLER FOUNDATION 
ANNUAL REPORT, 1955 


HE annual report of the Rockefeller Foundation 

for 1955* includes a brief general review by the 
president, Dean Rusk, together with the more detailed 
reports of the treasurer and of the directors for 
Medical Education and Public Health, Biological and 
Medical Research, Agriculture, the Social Sciences 
and the Humanities. ‘The president discusses the 
questions which arise out of the concern to make the 
best use of charitable funds, and the way in which 
the sifting process, by which the ideas, the tech- 
niques, the men and the institutions which offer the 
most promising opportunities are discovered, leads to 
great emphasis being placed upon individual capacity 
and the encouragement of men with creative ideas. 
The men who have been responsible for the Founda- 
tion, he points out, have been strongly influenced by 
the society and times in which they have lived and 
by the prevailing ideas of nineteenth- and twentieth- 
century America, but the Foundation also reflects 
the proposition that men with different notions about 
ultimate issues can agree upon a wide range of 
practical action, 

The national commitments of the Foundation have 
been by the instruction in its charter to 
consider ‘‘mankind throughout the world’’, and Dr, 
Rusk that the manifold activities of the 

Jnited Nations and its specialized agencies point to 
@ broad and growing consensus about ends. To say 
that the Rockefeller Foundation has worked toward 
aims which are widely shared throughout the world 
does not mean that it turns only to those which can 
be expressed as a least common denominator, nor 
only to those safely anchored in the status quo. The 
promotion of well-being calls for changes in the 
direction of preferred ends, and the freedom to use 
money in ways which multiply its value by creating 
other assets that reinforce financial support is itself 
as important an asset to the endowed foundation as 
money. 

Of the 19,152,353 dollars appropriated during the 
year, agriculture received 3,411,950 dollars, biological 
and medical research 2,601,860 dollars, the humanities 
3,550,330 dollars, medical education and public 
health 3,597,470 dollars, and the social sciences 
3,332,155 dollars, and the appropriations included 
931,080 dollars for 176 fellowship awards in 44 
foreign countries. 

In medical education, the programmes supported 
by the Foundation are based on the concept that 
the academic structure of medical education will 
differ appreciably among existing cultures and 
national patterns. In general, the objectives have 
been to encourage the development of faculties with 
strong scientific orientation and devotion 
responsibilities of teaching; and to extend t 
scientific method into clinical training, with emphasis 
on the integration of clinical disciplines. _ 

Regrouping of the Foundation’s interests in agri- 
culture, public health and related biological sciences 
has resulted in the consolidation of research activities 
in medicine, biology and biochemistry. The Founda- 
tion’s operating programme for the investigation of 
virus diseases has thus been brought into close asso- 
ciation with its programme in microbiology and the 

* The Rockefeller Foundation. Annual Report, 1955. 49 West 49th 
Street, New York. Pp. xvii+350. 
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biochemistry of macromolecules. The current pro. 
gramme is devoted almost exclusively to a study of 
insect-borne virus diseases affecting man, and fur 
this purpose appropriations in 1955 totalled 786,80. 
dollars. The great aid to classification of infectin.: 
agents given by the recently developed ham. 
agglutination techniques is emphasized in the report 
and the results of a protection test survey with the 
Semliki virus suggest that infection with a new 
related Group A virus, the Mayaro virus, is wide. 
spread in tropical America. Evidence that Chikun- 
gunya virus, @ new virus of the same group, was the 
cause of an extensive epidemic in the Makonde region 
of southern Tanganyika has also thrown doubt on 
past diagnoses of dengue. Two new Group B viruses 
were discovered in Africa during the year, and whil» 
it is apparent that the arthropod-borne viruses are 
primarily the agents of infection in wild animals, 
evidence is accumulating that birds also play an 
important part as natural vectors. 

The Foundation’s programme for the biological! 
study of behaviour is chiefly concerned with the 
patterning of the flow of information from the 
environment to the organism, its processing within 
the organism and the control of the responses 
ultimately elicited, while its grants in agriculture 
are chiefly for fundamental research of potential! 
long-range significance to production. The Founda- 
tion appropriated 1,284,250 dollars in support of its 
three Latin American programmes in 1956: the 
Mexican programme, with corn, beans, rice, vege- 
tables and forage crops; the Columbia agricultural 
pro , which includes a central and four sub- 
stations for high-altitude research; and a Chilean 
programme, established in May 1955. An appro- 
priation of 250,000 dollars was made in support of 
the solar energy research programme of the University 
of Wisconsin and the Stanford Research Institute 
during the next four years. Grants of 60,000 dollars 
for two years to the University of California and 
33,000 dollars for three years to the University of 
Maryland were made in support of algal studies, as 
well as one of 30,000 dollars over three years to the 
Laboratory of Algal Physiology, University of Texas. 


DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH, 
HYDERABAD 


REPORT FOR 1955 


HE annual report for 1955 of the Central 
Laboratories for Scientific and Industrial 
Research, Hyderabad*, records a significant increase 
in the activities of the liaison sections concerned with 
operational research, chemical engineering, workshop 
technology, liaison and information. The oils section 
developed a standardized method of preparing ester— 
gum varnishes with dehydrated castor oil which gave 
samples generally superior to commercial products. 
Catechin was found to be ineffective as an anti- 
oxidant for coconut oil, and further work was done 
on the storage of cotton-seed and cotton-seed oil, 
while a modified method of refining cotton-seed oil 
was found to give greater reduction of red colour 
and 20 per cent lower losses. Prospecting for fuller’s 
* Central Laboratories for Scientific and Research, 


Industrial 
Hyderabad. Annual Report, 1955. Pp. xii+80. (Hyderabad-Deccan : 
Central Laboratories for Scientific and Industrial Research, 1956.) 
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earth indicated the availability of a hundred thousand 


tons of earth in local deposits. 
In further investigations of the insecticidal prop- 


erties of ‘indigenous oils by the Entomology Section,: 


Pongamia glebra oil was shown to be toxic to house- 
flies when applied topically, while other studies were 
concerned with the effect of A. squamosa (Sitaphal) 
seed oil and Pongamia glebra (Karanja) seed oil on 
house-fly maggots and with the development of 
DDT-resistant house-flies from non-resistant labor- 
atory stock. The Fuel Section has largely completed 
its work on briquetting non-caking Hyderabad coal 
slacks with lime—tar as binder and is studying the 
carbonization of the briquettes to give a smokeless fuel. 
Pilot-plant tests of low-temperature carbonization of 
non-caking Indian coals were carried out by the 
Chemical Engineering Section, while the Fuel Section 
continued its work on the recovery of motor spirit 
from the circulation gas from the Lurgi—Spuelgas 
plant, and on the tar acids from low-temperature tar, 
as well as its rapid survey of the coalfields of Hyder- 
abad State and its study of the washability of 
Hyderabad coal. 

The Heavy Chemicals and Fertilizers Section con- 
cluded work on iron pyrites and suggested a method 
for production of sulphur from hydrogen sulphide and 
sulphur dioxide from this source. Other work was 
concerned with the production of sulphur dioxide 
from gypsum and of hydrogen sulphide from calcium 
and magnesium sulphates, of active carbon from 
Coalsite and with the prevention of caking of 
ammonium nitrate and urea fertilizer. The Ceramic 
Section has obtained satisfactory leadless transparent 
glazes from Kundara and Pachegaon clays with 
quartz and felspar from Hydernagar, and also 
promising results in the preparation of enamels 
made opaque with titanium. 

In the Organic Chemistry, Pharmaceuticals and 
Drugs Section, low-grade palmarosa oil from local 
dealers has been rectified by steam distillation to 
give an oil containing 90 per cent of geraniol. The 
rectification of ginger-grass oil and its uses are also 
being investigated, and a new colour test has been 
devised for distinguishing between these oils. The 
synthesis of the analgesic ‘Metopon’ was undertaken 
on @ larger scale and that of vanitrope from eugenol 
was completed. The Biochemistry Section expected 
to begin its pilot-plant trials of citric acid fermenta- 
tion early in 1956, but in the production of itaconic 
acid from cane sugar, of the strains of Aspergillus 
terreus examined, only NRRL 265 and NRRL 1960 
were useful. Other work was concerned with the 
mechanism of formation of itaconic acid, with the 
formation of «-ketoglutarate in solutions of A. terreus 
culture, the oxidation of glucose and gluconic acid to 
2-ketogluconic acid by Pseudomonas fluorescens, and 
the formation of a-ketoglutarate in Pseudomonas cul- 
tures and the effect of inhibitors on the formation of 
2-ketogluconate. 

Besides the production of more than 11,000 lb. of 
paper, the Fibre and Paper Section examined twenty- 
six samples of cotton linters for ash- and moisture- 
content and found that a stationary digester is 
unsuitable for the purification of linters by nitration. 
X-ray studies were made on Indian clays, and spectro- 
photometric studies of strong acids in mixed solvents 
in the Physical Chemistry and Instrumentation 
Section indicated association between the solvent 
molecules. The Chemical Engin Section con- 
tinued its work on the solubility of vegetable oils in 

ethy! alcohol. 
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THE AUSTRALIAN ATOMIC 
ENERGY COMMISSION 


REPORT FOR 1955-56 


T is apparent from the fourth annual report of the 
Australian Atomic Energy Commission /for 1955- 

56* that while world developments in atomic energy 
have been going forward with gathermg momentum 
during the year under review, corresponding progress 
over @ widening field has taken place in Australia. 
After some serious initial difficulties, production of 
uranium oxide from Rum Jungle was brought up to 
the designed rate, and with the approval of the 
Commonwealth Government a major contract was 
concluded for the supply by private enterprise of 
uranium from Mary Kathleen in Queensland. to the 
United Kingdom Atomic Energy Authority. A 
maximum reward of £25,000 was paid to Mr. C. 
Walton for his discovery of the Mary Kathleen 
deposit. Only once previously has this maximum 
reward been paid—to Mr. J. White, who found the 
Rum Jungle deposit. 

The Mary Kathleen deposit is being developed by 
Mary Kathleen Uranium, Ltd., in which the Rio 
Tinto Company, Ltd., is a major shareholder. 
Exploration work has confirmed the existence of & 
large body of ore which lends itself particularly well 
to mining by open-cut methods, and some ten 
million pounds will be required for the development 
of the mine, the erection of a treatment plant and 
township, and for the provision of roads, water 
supply, etc. Production of uranium oxide is expected 
to begin in 1959. 

Early in 1955 the Commission sent to Harwell a 
small team of scientists and rare headed by 
Mr. C. N. Watson-Munro and Dr. G. C. J. Walton, 
the Commission’s chief scientist and chief engineer, 
respectively, to study the design and expected per- 
formance of DIDO, and a decision was soon reached 
to construct a reactor of this type, HIFAR, at the 
Commission’s research laboratories at Lucas Heights, 
about twenty miles south-west of Sydney. Con- 
struction began on October 24, 1955, by Head 
Wrightson Processes, Ltd., and the reactor was 
scheduled to be completed in 1957. However, 
financial and labour difficulties have held up the 
construction of the main laboratory buildings, and 
without these buildings it will not be practicable to 
operate the reactor at full power, nor adequately to 
develop the research programme. 

Details are given in the report of the various 
scholarships, postgraduate research studentships and 
research contracts awarded by the Commission during 
the year. Australian universities are also considering 
the establishment of postgraduate and other courses 
in nuclear science and technology, and the Commission 
has offered to assist both in planning the courses and 
in providing specialist lecturers. Sections of the 
report are devoted to developments in atomic energy 
in countries outside Australia and in international 
relations. A bilateral agreement was concluded with 
the United States for co-operation in the field of the 

ful uses of atomic energy, and close collabora- 
tion with the United Kingdom has continued. An 
Australian delegation attended the 1955 Geneva 
International Conference on the Peaceful Uses of 


* Commonwealth of Australia: Australian Atomic Energy Com- 
mission, Fourth Annual Report for the year ended 30th June, 1956. 
Pp. 62. (Sydney: Government Printer, 1956.) 
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Atomic Energy and five papers were presented to the 
conference, 

The library of the Commission now contains the 
largest and most comprehensive collection in Aus- 
tralia of material concerning atomic energy, and 
includes a technical library comprising some 6,500 
publications, reports and abstracts, with about 
55,000 imdex cards, which was presented by the 
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United States Atomic Energy Commission. A revised 
edition of the pamphlet “Prospecting and as 
for Uranium in Australia” is being 

publication and a new booklet entitled “Rodin 
isotopes in Industry and Research”, describing 
the industrial uses of radioactive isotopes, is to be 
distributed to those engaged in industry, agriculture 
and mining. 


METABOLIC BEHAVIOUR OF ISOLATED LIVER AND 
KIDNEY CELLS 


By H. KALANT* and Pror. F. G. YOUNG, F.R.S. 
Department of Biochemistry, University of Cambridge 


ECENT notes by Longmuir and ap Rees’, and 
Laws and Stickland*, have described some 
observations of the metabolic behaviour of isolated 
liver cells. Longmuir and ap Rees? stated that cells 
obtained by their method showed a Qo, in succinate 
comparable with that found with liver slices. Laws 
and Stickland* tested a number of methods for pre- 
paring isolated liver cells, and found that all liver- 
cell suspensions, regardless of the method of pre- 
paration, showed a Qo, in succinate that was 2-5-4-5 
times that of comparable liver slices, and 4—6 times 
that found by Longmuir and ap Rees'.for sus- 
pensions of isolated liver cells. They also commented 
on the absence of endogenous respiration of the cell 
suspensions, and on the failure of glucose, pyruvate, 
citrate, blood serum and other substances to stimulate 
the respiration of these isolated cells. 

We have studied some morphological and metabolic 
characteristics of suspensions of isolated rat liver 
cells, prepared as described by Anderson* with the 
following minor differences: (1) perfusion via both 
the aorta and the inferior vena cava was not found to 
be necessary. Adequate perfusion could be obtained 
via the vena cava alone, provided that the vessel 
was ligatured immediately above the diaphragm 
and around the stem of the perfusion cannula. If the 
lower ligature was placed around the vena cava 
below the point of entry of the renal veins, the 
kidneys could be perfused at the same time as the 
liver. If the perfused kidneys are handled in the 
same way as the liver, suspensions of isolated renal 
epithelial cells can be obtained ; (2) centrifugation at 
50g for 2-4 min., as recommended by Longmuir and 
ap Rees, was found to give better separation of liver 
cells from red blood cells, and less packing of the 
liver cells, than did centrifugation at 110g. 

The morphological integrity of the isolated cells 
was demonsirated by a variety of methods, including 
phase-contrast microscopy, staining of smears fixed 
by instantaneous freeze-substitution, and electron 
microscopy. For the last procedure, samples of cell 
suspension were pipetted into ten volumes of Palade’s* 
isotonic buffered osmic acid, and fixed for 30 min., 
then dehydrated and embedded in methacrylate for 
ultra-thin sectioning. Examination in this way has 
revealed nuclear structure, cell membranes and mito- 


* Graduate Medical Fellow ations) Council of 
Canada. t address : ence Hesearch Medi cal Laboratories, 
Downsview, Ontario, 


chondrial fine structure, comparable with those 
observed by Fawcett’ and by Coman‘ with intact 
liver tissue. 

The respiration of these cell suspensions was 
studied in the Warburg apparatus, with and without 
added substrate. Approximately 100 mgm. of fresh 
weight of tissue was suspended in 2-0 ml. of Krebs— 
Ringer solution, buffered with either phosphate or 
bicarbonate buffer according to the gas phase em- 
ployed, and incubated. When succinate was added 
as a substrate, a concentration of 0-033 M was 
employed. These conditions are very similar to those 
which Laws and Stickland* found necessary for 
maximal respiration in the presence of succinate. 
Under these conditions we also have found an almost 
complete absence of endogenous respiration with both 
liver- and kidney-cell suspensions. The addition of 
glucose, pyruvate, homologous blood serum, hot-water 
extract of liver, or purified rat serum albumin and 
y-globulin, failed to stimulate respiration by the 
liver cells. Both liver- and kidney-cell suspensions 
showed a much greater response to the addition 
of succinate than did liver slices (Table 1). With an 
assumption of 1 mgm. of nitrogen per 9-4 mgm. 
dry weight of liver tissue, our observed oxygen 
uptake of 274-390 ul./mgm. nitrogen/hr. by liver- 
cell suspensions in succinate corresponds to a Qo, 
(suce.) of — 29 to — 41. Liver slices studied under 
the same conditions showed an uptake equivalent to 
@ Qo, (succ.) of — 12. That is, the isolated cells 


Table 1. ENDOGENOUS RESPIRATION AND THE EFFECT OF SvC- 
OINATE ON RESPIRATION OBSERVED IN VARIOUS TISSUE PREPA RATIONS 


Oxygen uptake (ul./mgm. N/hr.) by tissue 
preparation 
No. of No added In presence of added 
tion samples substrate succinate 

Liver 

slices 18 —60(—48 to —70) | —110(—105 to —116) 
Liver cells, 

iso 80 0(+38 to —5) —330 (—274 to —390) 
Kidney 

cells, 

isolated 6 —4(0to —8) —374 (—358 to —392) 
Mouse 

ascites 

tumour 

cells 8 —90 (—82 to —104) | —140 (—136 to —147) 
Mouse 

ascites 

tumour 

cells, 

citrate- 

treated 6 —90 (—87 to —92) | —140 (—187 to —142) 
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Tabley2. INITIAL AND FINAL GLYCOGEN CONTENT OF INCUBATED 
Rat Liver 


SUSPENSIONS 

{Duration of | No.of | @ (mgm./ml. of | Decrease® 
incubation | samples cell suspension) (per cent, 
(min.) Initial Final ) 

30 4 23-8 18-4 23 

60 3 18-9 76 60 

120 4 5-70 1-50 74 

150 4 3-06 0-65 79 


* No comparison of absolute decrease in py ycogen concentration 
with different times of incubation is permissible in these experiments, 

rats were fed ad libitum, and the density = the cell sus- 
pow hn varied significantly in different experiments 


showed a respiratory rate 2-4-3-5 times as high as 
that of the slices. This agrees well with the findings 
of Laws and Stickland*. 

However, our results differ from those of the latter 
authors in several respects. They state that the only 
catabolic processes remaining in the cells are those 
of succinoxidase and fumarase. We have repeatedly 
observed a fall in glycogen content during the course 
of an experiment (Table 2) in disagreement with 
their observations, although evidence of glucose 
release by the cell suspensions was inconstant and 
unconvincing. Insulin and glucagon were without 
effect on either process. Liver-cell suspensions 
showed a small but measurable anaerobic glycolysis, 
as indicated by a carbon dioxide release of 15 ul./ 
mgm. nitrogen/hr. This can be compared with the 
value of 70 ul./mgm. nitrogen/hr. observed with liver 
slices under similar conditions. Addition of fructose 
(0-011 M) produced a 60 per cent increase in the rate 
of carbon dioxide release by liver slices anaerobically 
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Fig. 1. Oxygen uptakes by various rations of rat liver, 
incubated in Krebs-Ringer phosphate solution, pH 7-4, ‘ed 
oxygen atmosphere. O---O Cell suspensions prepared b 
Anderson’s method (ref. 3). @---@ Slice from liver warfanen 
with citrate (highest — value). 2. -.-@ Slices from 
and re-calcified liver. cis Intact liver. 
O-.-.-O Cell sus; from perfused and re-calcified liver 
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but did not affect carbon dioxide release by cell sus- 
pensions. Finally, the addition of succinate to liver-cell 
suspensions resulted in a substantial release of carbon 
dioxide aerobically, in addition to the striking oxygen 
uptake mentioned above. The respiratory quotient 
in the presence of succinate was 0-6-0-7. These 
findings are not in agreement with the statement by 
Laws and Stickland* mentioned above. The reason 
for the differences between their findings and ours is 
not apparent. 

One possible reason for the disturbance of meta- 
bolism in isolated liver and kidney cells is suggested 
by the following observations. Restoration of calcium 
to the cell suspensions before incubation produced no 
demonstrable effect on either respiration or morpho- 
logy. Perfusion of the liver with a whole balanced 
saline solution did not affect the respiration of slices 
afterwards cut from the tissue, but perfusion of 
the liver with a calcium-chelating agent such as 
citrate caused the same type of alteration in respira- 
tion of slices cut afterwards as in that of cell sus- 
pensions prepared from similarly perfused livers. 
Restoration of calcium to the liver by perfusion, after 
perfusion with the chelating agent, caused both 
slices and cell suspensions to show respiratory behav- 
iour intermediate between that of intact slices and that 
of the usual cell suspensions (Fig. 1). These findings 
indicate that the abnormalities of respiration observed 
in the cell suspensions were not due to calcium lack 
per se, but to some other change caused by decalci- 
fication, which could in part be prevented by 
restoration of calcium before the liver was sliced or 
broken up into free cells. 

Samples of mouse ascites tumour cells in the free 
cell form were suspended in citrate-containing medium 
and subjected to the treatment employed in the 
preparation of liver-cell suspensions. ‘The respiration 
of these treated cells was found to be similar to that 
of uncitrated ascites tumour cells. In both instances 
endogenous respiration accounted for 90 ul. oxygen/ 
mgm. nitrogen/hr., while in the presence of succinate 
oxygen uptake was 140 ul./mgm. nitrogen/hr. The 
finding that the respiration in these tumour cells is un- 
influenced by a large change in the concentration of 
calcium in the medium is compatible with the report of 
Coman‘* that cancer tissue possesses a low calcium- 
binding capacity, this diminution being related to an 
alteration in the composition of the cell surface‘. 

Our observations suggest that the functional 
integrity of the normal cell is dependent upon some 
material present at the cell surface which binds 
calcium, and which does not act normally when the 
calcium is removed. In view of the widespread 
occurrence of mucopolysaccharides in the extra- 
cellular coatings of plant, animal and bacterial cells, 
the possibility that a substance of this sort may be 
involved in the calcium-binding material in the 
norma! cell with which we are concerned is clear. 

We are indebted to Dr. George Rogers, of the 
Department of Anatomy, and Dr. M. Mendelsohn, ot 
the Department: of Radiotherapeutics, University of 
Cambridge, for the morphological examinations of 
the cells, and to Dr. A. J. Kenny, of the Department 
of Biochemistry, for testing the response of isolated 
liver cells to glucagon. 


4 Longmuir, I. 8., and ap Rees, W., Nature, 177, 997 (1956). 
* Laws, J. O., and Stickland, L. H., Nature, 178, 309 (1956). 
* Anderson, N. G., Science, 117, 627 (1953). 

‘Palade, G. E., J. Exp. Med., 100, 641 (1954). 

* Fawcett, D. W., J. Nat. Cancer Inst., 15, 1475 (1955). 
*Coman, D. R., Cancer Res., 14, 519 (1954). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous 


Response of Oral Tissues to Grafts 
of Ethylenediamine-treated 
Heterogeneous Bone 


Previous work has shown that ‘anorganic’ 
(ethylenediamine-extracted) bone can serve as a 
successful foundation for new osseous growth in long- 
bone defects of the dog’-*. The objective of this 
present study using nine rhesus (Macaca mulatta) 
monkeys was to determine if the response of the 
oral tissues to osseous ‘anorganic’ heterografts was 
similar to that of the host tissue of the long bones. 
Eleven mandibular and five maxillary heterogeneous 
grafts were inserted into two types of osseous defects : 
(a) an ‘exodontic’ or alveolectomy defect produced 
by the extraction of the permanent molar and bi- 
cuspid teeth ; (b) a deep ‘cystic’ type of bone cavity 
produced by the removal of unerupted molar and 
cuspid teeth. 

‘Anorganic’ cortical beef bone of various particle 
sizes (16-40 mesh) was implanted into these defects 
and the mucoperiosteum was closed. Control defects 
produced by the removal of the same teeth of the 
opposite side.were merely allowed to fill with a 
hzmatoma beneath the sutured mucoperiosteal tissue. 
At autopsy, specimens were obtained of grafts varying 
from six to fifty-nine days after operation. 

Histological sections were prepared of all specimens 
to determine: (1) the presence or absence of foreign- 
body reaction; (2) the degree of reactive bone 
formation by which the graft particles are ‘sealed’ or 
‘anchored’ to the host bone; (3) the degree of 
revascularization, perivascular resorption and _ peri- 
vascular new bone formation involving the macro- 
canalicular systems of the graft particles. 

Clinically, there was uneventful healing of the graft 
sites with no evidence of foreign-body reaction. All 
the animals tolerated the procedure well, and there 
was no discernible difference in the rate of healing 
and general clinical appearance between the control 
and the graft sites during the entire post-operative 


Fig. 1. A histological (hematoxylin and eosin) section of a graft 
taken thirteen days after operation and demonstrating reactive — 
bone formation (1) of the host extending from the wall = 
defect, (2). to surround an ‘anorganic’ graft — sd (Sr 
produce ‘anchoring’ of the graft to the host t 


April 20, 1957 vor. 179 


Microscopic examination of specimens utilizing the 
microradiographic technique‘ and examination of 
decalcified sections using routine histological methods 
demonstrate mineral bonding through reactive bone 
formation ‘anchoring’ the ‘anorganic’ cortical part- 
icles to the host bone. Osteoblastic formation is 
present six days after operation. Revascularization 
of the macrocanalicular systems of the graft particles 
can be seen two weeks subsequent to surgery. Re- 
active new bone formation is clearly demonstrated as 
early as thirteen days post-operatively (Fig. 1). At 
42 days, reactive-appositional bone-growth re- 
modelling the graft material is revealed. There was 
no evidence of foreign-body reaction, and the general 
histological findings are similar to those previously 
reported in which ‘anorganic’ grafts were placed in 
tibial defects'-*. 

It would appear from this work that the material 
used could conceivably have wide application to 
various oral surgical procedures. 

On the basis of this pilot study using a total of 
sixteen grafts in nine animals, it can be concluded 
that there is biological host acceptance of hetero- 
geneous ‘anorganic’ bone when placed in mandibular 
and maxillary osseous defects of the oral cavity 

The opinions or assertions in this communication 
are the private ones of the writers and are not to be 
construed as official or reflecting the views of the 
U.S. Navy Department or the Naval Service at large. 

Frep L. Loser 
J. Boyne 
Naval Medical Research Institute, 
National Naval Medical Center, 
Bethesda, Maryland. Jan. 18. 


* Losee, Fred L., and Hurley, Lloyd, A., Nature, 177, 1032 (1956). 

* Hurley, Lloyd A., and Losee, F. L., Fed. Proe., 15, 519 (1956). 

* Losee, Fred L., and Bubs. Llo més U.S. dNaval Medical Research 
Institute Progress Report 

*Istock, J. T., Miller, C. W., US. Naval Medical 
Research Institute Report NM 004006.09. 


Preparation of Actin without Extraction 
of Myosin 


Ir is generally accepted that actin can be prepared 
only by removing some of the myosin from the fresh 
muscle mince. Dubuisson was the first to show 
that actin can be extracted from acetone-dried 
muscle powder with 1 M potassium chloride’. This 
G-actin, however, has lost its most characteristic 
property, namely, the ability to polymerize. 

We have been able to show that the preparation 
of actin without previous extraction of myosin 
depends on two conditions: (1) the removal of 
alkaline earth metals from the muscle residue; 
(2) the proper extraction of the acetone-dried muscle 
powder. It has been shown that the elimination of 
alkaline earth metals can be carried out with 0-4 per 
cent sodium bicarbonate and the best solution for 
the extraction of actin is 0-3 M potassium iodide 
(pH 7-0) containing 5 x 10-*M adenosine tri- 
phosphate? (see Table 1). 

In our experiments the fresh muscle mince was 
treated as follows: (1) it was dried with acetone 


directly ; and in the preparations (2)—(5) before dry- 
ing it was stirred at room temperature with 2 x 10 vol. 
of the following solutions for 15 min.; (2) 0-01 M 
magnesium chloride + 0-4 per cent sodium bicarb- 
onate ; (3) 0-01 M calcium chloride + 0-1 per cent 
(4) 0-01_M ethylenediamine 


sodium bicarbonate ; 


if] 
| 
Wa 
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Table 1. DENATURING EFFECT OF ALKALINE EARTH METALS ON 
ACTIN DURING THE PRocess OF PREPARATION 


mM alka- 

Treatment of the line earth 
freshly minced muscle metal/1,000 
gm. fresh 

muscle 


(1) Direct treatment 
acetone 


Wast ng: 
CaCl, + NaHCO, 
EDTA +NaHiC6, 


NaH 
6 (actin) 


Seese 


tetraacetate (pH 7-0) + 0-4 per cent sodium bicarb- 
onate; (5) 0-4 per cent sodium bicarbonate. The 
muscle residues were then washed with 15 vol. of 
distilled water for 15 min. before treatment with 
acetone. In the control experiment (6), actin was 
prepared in the usual way, that is, by the previous 
extraction of myosin*. 

To measure the actomyosin-forming power of 
actin® the dried muscle powders were extracted with 
15 vol. of the potassium iodide + adenosine tri- 
phosphate solution mentioned above and dialysed 
against 2 x 100 vol. 0-1 _M potassium chloride and 
0-001 M. magnesium sulphate (pH 7-0) for 48 hr. 
at 0° C. 

The rate of formation of actomyosin was com- 
pared as a percentage with that of the control prep- 
aration extracted with distilled water and dialysed 
in the same manner. (In the case of preparation (1) 
30 per cent of the extracted proteins, in (2)-(6) all 
proteins were considered as actin‘.) For the 
analysis of alkaline earth ions the dried muscle 
powders were extracted with 10 vol. of 5 per cent 
trichloracetic acid and 2-4 ml. of the solution was 
titrated with 0-01 _M ethylenediamine tetraacetate. 

As can be seen from Table 1, half the total actin— 
prepared without extraction of myosin—is inactivated 
if the muscle residue contains alkaline earth metals 
(exp. 1, 2 and 3); on the other hand, no denaturation 
was found if the magnesium and calcium ions are 
removed by washing with ethylenediamine tetra- 
acetate or sodium bicarbonate (exp. 4 and 5). It 
could be shown that under the present experimental 
conditions myosin does not dissolve at all. All the 
characteristic properties of actin prepared without 
extracting the myosin are in full accordance with 
those of the actin prepared in the usual manner*. We 
were able to get actin in good yield from natural acto- 
myosin and glycerinated myofibrils by the same 
rocedure. 

Part of the actin can be extracted also with distilled 
water from acetone-dried muscle powders if the 
alkaline earth ions were previously dissolved. If 
muscle was dried directly with acetone, however, or 
washed with magnesium or calcium chloride before 


Table 2. EXTRACTABILITY OF ACTIN WITH POTASSIUM JODIDE AND 
DISTILLED WATER FROM DRIED MUSCLE POWDEKS CONTAINING 
ALKALINE EARTH METALS 


Dissolved Polymerizing 

Treatment of the (mgm./ml.) ability in ex- 

freshly minced muscle Pot. Distilled | tracts in dis- 
iodi water tilled water 
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drying, actin could not be extracted at all (seo 
Table 2). 

The preparations are identical with those of Table 1. 
Dried muscle powders were extracted for 1 hr. at 
room temperature either with 10 vol. of 0-3M 
potassium iodide solution containing adenosine tri- 
phosphate, or with 10 vol. distilled water (20 vol. in 
the control experiment). Polymerizing ability was 
determined by viscometer in aqueous extracts after 
adding 0-1 vol. of 1 M potassium chloride + 0-01 M 
magnesium sulphate solutions. In the case of prep- 
arations 1, 2 and 3, no rise in viscosity could be 
found ; using Dubuisson’s electrophoretic method? 
for preparation 1, the extracted protein proved to 
be of myogen origin. In experiment 5, on the other 
hand, adenosine triphosphate disappeared during 
polymerization’ and the derived F-actin was well able 
to bind myosin, as in the control experiment 6 ‘. 

From the results in Table 2, it appears that actin 
cannot be extracted with distilled water if the dried 
muscle contains alkaline earth metals (see exp. 
1, 2 and 3 in Table 1). On the other hand, actin 
can be extracted from the preparations 1, 2 and 3 
with potassium iodide (actomyosin formation in the 
extracts with potassium iodide is demonstrated in 
Table 1 as well). Actin can, however, be partly 
dissolved with distilled water from preparations 4 
and 5, as easily as in the control experiment 6. 
From this it can be concluded that in the acetone- 
dried muscle powder actin is bound to myosin 
through alkaline earth metals. This bonding is 
naturally resistant to water, but it can be split by 
salt solutions containing univalent ions (potassium 
chloride and iodide). 

By this new method of actin preparation, we 
examined the ‘form’ of actin present in freshly 
minced muscle. From muscle or from natural acto- 
myosin washed with ‘Salyrgan’, F-actin can be 
isolated, which gives a perfect actomyosin ; but it 
contains only half the total SH groups*. This 
means that actin exists in freshly minced muscle in @ 
fibrous form. 

It is believed that preparation of actin without 
previous extraction of myosin presents a new 
approach in the morphological investigation of 
muscle structure, and in the chemical investigation 
of structural proteins of muscles in relation to its 
functions. 

This work was carried out with the assistance of 
G. Kételes and E. Nagy and is to be published in 
detail in Acta Physiol. Acad. Sci. Hung. 

We are greatly indebted to Prof. V. Sz. Hermann 
for her interest and encouragement in connexion with 


this work. 
M. BArAny* 
K. BArAny* 
F. GuBa 
Institute of Biochemistry, Medical University of 
Budapest and Institute for Measurement and Instru- 
mentation of the Hungarian Academy of Sciences, 
Dept. Lab. for Electron Microscopy, 
Budapest. Jan. 


* Present address: Department of Biophysics, Weizmann Institute 
of Sci , Rehovot, Israel. 


(1) Direct treatment 
with acetone 


3 

4 EDT. 
NaHCO, 
6) Control (actin) 


1 Dubuisson, M., Experientia, 6, 269 (1950). 

* Szent-Gydrgyi, A. G., Arch. Biochem. Biophys., 31, 97 (1951). 

* Barany, M., Biré, N. A., Molnar, J., and Straub, F. B., Acta Physiol. 

Acad, Sci. Hung., &, 369 (1954). 

M., K., Guba, F., Koteles, G., and Nagy, E., Acta 
Physiol. Acad. Sci . Hung. (in the press). 

* Straub, F. B., and Feuer, G., Biochim Biophys. Acta, 4, 455 (1950). 

* Barany, M., Biochim. Biophys. Acta, 19, 560 (1956). 
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Action of Reserpine on Isolated Intestinal 
Muscle 


CERTAIN intermediates of the tricarboxylic acid 
cycle antagonize the reserpine inhibition of con- 
tractions induced by drugs of isolated guinea pig 
ileum! (Table 1). We have observed that the most 
effective reserpine antagonists were those added as 
the free acids. These reduced the reaction of the 
bath-fluid to about pH 5. When the reaction was 
reduced to similar levels by the addition of small 
volumes of 0-2 N hydrochloric acid, antagonism to 
reserpine was also seen. This was less marked, how- 
ever, than that following addition of the most 
effective metabolites, which included «a-ketoglutaric 
acid (1 mgm. per ml.) and cis-aconitic acid anhydride 
(1 mgm. per ml.). At a bath pH of 7-4, no antagonism 
to reserpine was seen. 

Hydrochloric acid produced a similar degree of 
antagonism to reserpine as did 1 mgm. per ml. of 
DL-leucine, which was tested along with other amino- 
acids and intermediates of fat metabolism (Table 1). 
It was concluded that these compounds are effective 
by virtue only of their ability to increase the hydrogen 
ion concentration of the bath fluid. Sodium pyruvate 
(1 mgm. per ml.) and sodium fumarate (1 mgm. per 
ml.), previously found to be inactive, were rendered 
active by reduction of the bath pH to 5 with hydro- 
chloric acid. Furchgott and Wales? have suggested, 
on the basis of experiments on isolated rabbit 
intestinal muscle, that succinate, «-ketoglutarate and 
fumarate are more effective at lower bath pH values 
as sources of energy for the activity of this tissue. 

Using Locke’s solution, isolated rabbit duodenum 
showed® a reduction of tone and depression of spon- 
taneous activity following addition of 10 pgm. per 
ml. of reserpine, which reduced the bath pH from 
7-4 to 6-9. When the pH change of the bath-fiuid 
which follows addition of reserpine (dissolved in 
ascorbic acid/sodium ascorbate mixture) is prevented 
by the use of Krebs—Henseleit solution‘, a stimulant 
action precedes the reduction in tone and rhythmic 
activity (Fig. 1). This effect is prevented by the 
prior addition to the bath of 1 ugm. per ml. of 
atropine sulphate or 1 ugm. per ml. of hexameth- 
onium bromide but not by 2 ugm. per ml. of 2-brom 
D-lysergic acid diethylamide (BOL 148). ‘These 
observations on rabbit gut support the findings of 
Plummer and his colleagues on dog gut in situ’. 


Table 1. ACTIVITY OF COMPOUNDS 
ACTION OF RESERPINE ON GUINEA Pic ILEUM 


Effect 


Intermediates of Alone With hydrochloric acid 
(a) Fat metabolism 
3-Hvdroxybutyric acid 0 + 
Sodium propionate 0 + 
(6) Protein metabolism 
L-Glutamic acid 0 + 
DL-a-Alanine 0 + 
DL-Leucine 
(c) Carbohydrate metabolism 
Glucose-1-phosphate 0 + 
Fructose-1,6-diphosphate 0 + 
Glucose-6-phosphate 0 + 
3-Phosphoglyceric acid ++ 
Sodium pyruvate 0 ++ 
Sodium succinate 0 ++ 
lium fumarate 0 + 
Citric acid 
cis-Aconitic acid anhydride ++ 
tsoCitric acid 0 ++ 
a-Ketoglutaric acid ++ 
Malic arid 
Maleic acid ++ 
Oxaloacetic acid ++ 
0 represents no activity 


+ represents equal to 
++ represents activity greater than that of hydrochloric acid 
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We wish thank Dr. C. D. Falconer, of Ciba 
Laboratories, Ltd., for generous supplies of reserpine. 


to 


C. N. 
J. J. Lewis 
Dept. of Materia Medica and Therapeutics, 
University, 
Glasgow, W.2. 
Jan. 18. 


* Gillis, C. N., and Lewis, J. J., Nature, 178, 859 (1956). 

—— R. F., and Wales, M. B., Amer. J. Physiol., 169, 326 

* Gillis, C. N., and Lewis, J. J., J. Pharm. Pharmacol., 8, 606 (1956). 

* Krebs. H. - and Henseleit, K., Z. physiol. Chem., 210, 33 (1932). 

A. J., Barret, W. E., and Rutledge, B., Amer, J. Dig. 
28, 337 (1955). 


Slow Freezing of Carp Muscle and 
Inosinic Acid Formation 


Ir has been noticed that when fresh muscles are 
frozen at very low temperature, for example, by 
sudden immersion in liquid propane or in liquid 
nitrogen, there is no significant change found in the 
amounts of adenosine triphosphate or creatine 
phosphate’. We have observed? the changes which 
take place in fresh muscle of carp during storage in 
an ice chest at — 8°C. Under these conditions, the 
material was frozen slowly and it was found that the 
amounts of adenosine triphosphate and creatine 
phosphate decrease very rapidly, and those of com- 
pounds such as inosine monophosphate increase 
greatly. In the present work, an attempt has been 
made to observe the formation of inosine mono- 
phosphate during the course of slow freezing of carp 
muscle. 

Experiments were carried out on dorsal muscle of 
carp. 1 gm. of fresh muscle was solidified by freezing 
by storage at — 8°C. for 5 hr. The frozen muscle 
was homogenized with 20 ml. of 4 per cent perchloric 
acid solution at low temperature and the perchloric 
acid extract was filtered and separated by ion- 
exchange chromatography. 

The degree of separation and optical densities of 
separated nucleotides are shown in Fig. 1. For each 


Last 
Smin. . 
pm 
Fig. 1. Isolated rabbit duodenum suspended 
Henseleit solution. At R, 10 yvgm. 
h. per mi. sulpha fore 
10 wgm. per ml, reserpine 
2 
| 
¥ 
ae Lee 


no. ases April 20, 1957 


NATURE 821 


| Ry values are approximately equal 

to those of inosine monophosphate 

and hypoxanthine (prepared by 
Bayer) respectively. 

Furthermore, for the quantita- 

tive analysis of its components, 


tion of nucleotides in fresh and frozen muscles. 


Fig. 1. 
: ‘Amberlite JRA 400’, 1-0 


ydrochloric acid; (V) 0-2N sodium, chloride in 0-01 ¥ 

ting, freah muscle dotted line, frozen muscle 
of the fractions optical densities at 250 mp and 260 my 
were measured, and their ratios were calculated. As 
compared with fresh and frozen muscles, it was 
observed that the substance which indicates the 
highest value of this ratio is eluted mainly in fraction 
D, its value being almost 1-5. From these results it 
may be considered that the compound eluted in 
fraction D will be inosine monophosphate. A quantity 
of the compound eluted in fraction D was accumu- 
lated and after having been neutralized to pH 7-0 
by sodium hydroxide it was evaporated to a small 
volume under reduced pressure (below 45° C.). When 
the condensed eluate was passed through a ‘Norite’ 
column’, the compound was absorbed completely. 
After washing the ‘Norite’ column with distilled 
water several times, the material was treated with 
50 per cent of an alcoholic solution containing 0-01 M 
ammonia. ‘The ammoniacal alcohol solution was 
then evaporated to dryness under reduced pressure 
and the residue, which should be inosine mono- 
phosphate, was dissolved in water. 

To ascertain whether the compound thus obtained 
was actually inosine monophosphate, the following 
procedures were followed. The ultra-violet absorption 
spectra of the compound were measured by spectro- 
photometer and absorption maxima were found at 
253 my (pH 11-2, in sodium hydroxide), 251 my (in 
2 N hydrochloric acid), 249 my (pH 6-0, in water), 
249 my (pH 2-0, in hydrochloric acid). These agreed 
exactly with those of authentic inosine monophos- 
phate (prepared by Sigma Chemical Co.). The com- 
pound was also identified as inosine monophosphate 
by paper chromatography by means of several sol- 
vents. The Rr values found were 0-31 (69 per cent 
n-butyric acid and 0-85 per cent sodium hydroxide)‘, 
0-84 (water, pH 10)5, as the compound of fraction D, 
0-62 (water, pH 10)*, 0-38 (butanol/acetic acid/water, 
4:1:1)*, 0-30 (butanol saturated with water)‘, as 
the base from the hydrolysis of the compound. These 


Exchanger : em.* x 12 cm. c. 100-300 mesh. 
Eluting solution: (I) passed solution; (II) 0-01 ammonium chloride ; 
om 0-003 N hydrochloric acid; (IV) 0-02 N sodium Tyan in 0-01 N 


1-0 ml/min. 
; perchloric acid extract of carp muscle (1-0 gm.). 


inosinic acid was determined’ by 
absorption at 250 my, ribose by 
the oreimol procedure*, and phos- 
phate by the method of Fiske and 
Subbarow®. From these analyses 
the molar ratio found was inosinic 
acid/pentose/phosphoric acid, 1-00: 
0-99 : 0-97, 

From the various experiments 
summarized above it may be con- 
cluded that when carp muscle is 
frozen slowly under mild condi- 
tions (— 8°C.), the amounts of 
adenosine triphosphate and creatine 
phosphate decrease very rapidly and 
inosine monophosphate is furmed 
in considerable amounts. The theo- 
retical aspects of the relationship 
between the disappearance of adeno- 
sine triphosphate or creatine phos- 
phate and the formation of inosine 
monophospkate under the condition 
rie acid ; of mild freezing have not been 
clarified ; but it seems interesting 
that the deamination process takes 
place very rapidly under the con- 
ditions mentioned above. 

TsuNEYUEI Sarro 


KEN-ICHI ARAI 
Fisheries Chemistry Department, 
Faculty of Fisheries, 
Hokkaido University, 
Hakodate, 
Japan. 


1Mommaerts, W. F. H. M., Nature, 174, 1083 (1954). 

* Saito, T., and Arai, K., Bull. Jap. Soc. Sci, Fish., 22, 569 (1957). 

* Craine, R. K., and Lipmann, F., J. Biol. Chem., 201, 235 (1953). 

* Wade, H. E., and Morgan, D. M., Biochem. J., 60, 264 (1955). 

* Chargaff, E., and Davidson, J. N., “The Nucleic A Chemistry 

and Biology”, 1, 252 (1955). rom 

* Makino, K., J. Jap. Biochem. Soc., 27, 489 (1955). 

* Deutsch, A., and Nilsson, R., Acta Chem. Scand., 7, 1288 (1953). 
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Reticulocytic Crisis in the Newborn Rat 
after X-Irradiation 


THE reticulocytes of the adult mammal disappear 
from the circulating blood within 48 hr. following 
irradiation at threshold lethal-level. An increase of 
the number of reticulocytes has been observed 
between the thirteenth and eighteenth day after 
irradiation of the goat and pig', but the existence 
of @ reticulocytic crisis immediately after irradiation 
has not been mentioned?. 

We have seen an intense reticulocytic crisis in the 
new-born rat five minutes after an irradiation lasting 
7 min. Our apparatus is a ‘Stabilipan’ Siemens, 
200 kV., 16 m.amp., copper 0-5 mm., 100 r./min. 
The animals are exposed to total body radiation of 
700 r. measured with the absolute Siemens dosimeter. 
Blood was taken by cardiac puncture under ether 
anzsthesia ; one animal was killed for each analysis. 
Reticulocytes were coloured by incubation for 15 min. 
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Table 1. VARIATIONS IN PERCENTAGE OF RETICULOCYTES IN PERIPHERAL BLOOD OF YOUNG Rats AFTER X-IRRADIATION 
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Time after 


Age of Time after Reticulo- Time after 
animals in Radiation | irradiation cytes Radiation | irradiation Radiation | irradiation 
days (hr.) dose (br.) d (hr.) 
None 4 
45 700 r. 8 12-4 850 r. 3 22-8 1,000 r. 3 27-4 
4 12-8 30°8 4 27-2 
” 6 22-6 ” 6 33-8 ” 6 ‘1 
‘None 8-4-9 None 
3 8-4 
4 11°3 
33-3 


with brilliant cresyl blue and examined with an 


ordinary microscope (indirect method). 


The normal proportion of reticulocytes in new-born 
rats of our colony is 12-5-19-5 per cent. Immediately 
after irradiation of rats aged 8, 9 or 14 days the 


proportion of reticulocytes rises to 50-60 per cent 


or even more (Fig. 1). 


In rats aged 21 days, this 
phenomenon begins later (30 min. after irradiation) 


and reaches @ maximum at 2 hr. Rats aged 30 days 
behave like 21-day old rats, but the maximal reticulo- 


cyte count is smaller (30 per cent). 


In rats aged 45 days, the reticulocytic crisis is 
maximal at about the sixth hour and is more intense 
if the X-ray dose is increased from 700 to 850 and 
1,000 r. (Table 1). The same applies to rats aged 60 
days, but the relative number of reticulocytes is 


* Cronkite, B. 


smaller. In rats 90 days old, no increase in reticulo- 


cyte count is seen even after 1,000 r. ; 
trary, one observes a decrease of the number of 


reticulocytes 3—6 hr. after irradiation. 


Percentage of reticulocytes 


The interpretation of this reticulocytic crisis in 
new-born and very young rats after irradiation is 
at present not clear. The total number of red cells 
is not increased, even when the proportion of reticulo- 
cytes reaches 50 per cent. The suprarenal cortex of 
new-born rats (8 or 9 days old) does not react to 
X-irradiation ; when the rat reaches 15 days, the 
first rapid reversible reaction of the suprarenal cortex 
is manifest, but the secondary reaction (appearing 
at 48 hr. and lasting until death) is not seen before 
the age of 35 days*. There does not seem to be any 
correlation between the behaviour of the suprarenal 
cortex and the reticulocytic crisis in new-born rats 


on the con- 


diabetes’. 


30m. 


4h. 2h. 3h 


10h. 


Time after irradiation 


2h. 48h 72 9h 


Fig. 1. Reticulocytic crisis in new-born rats of various age after 700 r. of X-rays 


(Williams-Wilkins 
Z. M., and Alexander Fs, 
( jutterworth, London, 1955). 
. M., Martinovi¢, P., et al., Bull. Acad. Med. Belg., Ser. 
828 (1956). 6, 21, 
* Hajdukovi¢, 8., Internat. Congr. Radiobiology, Stockholm, 1956. 


goitrogenic properties?. 
the goitrogenic effect of the new antidiabetic drug, 
N, -sulphanilyl-N,-n-butylurea*. 
munication the effect of this substance on the rat 
thyroid is described, using histochemically demon- 
strable succinic dehydrogenase activity of the thyroid 
gland as an indicator of its activity. 

Ten male rats of the Sprague-Dawley strain, 


after irradiation. Our experiments, which are being 
continued, suggest that this remarkable reticulocytic 
crisis is one of the peculiar reactions of the hemato- 
poietic system of the new-born rat which, so far, 
have been little studied‘. 


S. Haspuxkovié 
Ls. 
Boris Kidritch Institute for Nuclear Sciences, 
Belgrade. 
Jan. 15. 


, in “Atomic Medicine”, edit. by Ch. Behrens, 11 
Co., Baltimore, 1953). 


“Fundamentals of Radiobiology” 


Effect of N gn I-N,-n-Butylurea on 


yroid 


Some ee derivatives have been found 
to have antidiabetic effects, and these drugs have 
recently been brought into use in the treatment of 
Sulphonamides are also known to possess 


There is some evidence for 


In the present com- 


weighing about 250 gm. each, received 
N, -sulphanily] - N, -n - butylurea (‘Alen- 
tin’, Orion Oy, or ‘Nadisan’, Boehringer) 
by mouth in a daily dose of 0-5 gm./ 
kgm. of body-weight over a period of 
thirty days. Ten of their litter-mates 
served as untreated controls. After 
the experimental period, the rats were 
killed by decapitation, and the thy- 
roids were immediately removed and 
weighed. Sections of one thyroid 
were stained with Mallory’s azan method 
for histological control. Another thy- 
roid was frozen and, simultaneously 
with the corresponding control speci- 
men, sectioned with a freezing micro- 
tome at 30u. The sections were dipped 
directly from the cooled knife for 
60 min. into their respective incubation 
vials at a constant temperature of 
37°C. The incubation mixture was 


prepared according to Seligman and 
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Fig. 1 (above). 


. 2 (below). Succinic drogenase activity in the thyroid 
™ of a rat treated with ‘ tin’ for $0 days. (x 150) 


Rutenburg*, using neotetrazolium as an indicator of 
succinic dehydrogenase. 

The thyroids of the rats treated with ‘Alentin’ 
were large and rich in blood. The mean weight of 
the thyioids of the treated rats was 81 + 2-6 mgm., 
and showed a highly significant difference from that 
of the controls, 26 + 1-8 mgm. Histological exam- 
ination revealed that the of epithelium 
was distinctly higher and that of colloid lower in 
the ‘Alentin’-treated rats than in the controls. 

The thyroid sections of the control rats treated 
for the demonstration of succinic dehy 
showed a weak, reddish staining (Fig. 1). By con- 
trast, the thyroids of all the ‘Alentin’-treated animals 
revealed an intense staining (Fig. 2). The epithelial 
cells had heavy deposits of small, purplish formazan 
crystals, indicating an intense succinic dehydro- 
genase activity. 

The weak enzymatic activity in the thyroid 
of the control rats is in agreement with earlier 
observations’. The marked rise in the succinic 
dehydrogenase activity of the thyroid after treatment 
with ‘Alentin’ is obviously connected with the 
goitrogenic property of this substance. The mode 
of the antithyroid action of thiourea derivatives is 
not completely understood. According to the current 
concept, these compounds prevent the enzymatic 
oxidation of iodide, so that iodination of tyrosine 
cannot occur, thus inhibiting the completion of the 
synthesis of thyroid hormone*. They cause a lack 
of thyroid hormone, which stimulates the anterior 
pituitary to produce an excess of thyrotrophic 
hormone. Recently, when discussing the pituitary 
regulation of thyroid gland activity, D’Angelo’ stated 
that the reactions which ensue between the thyro- 
trophic hormone and the thyroid at a cellular level 
are completely unknown. Succinic dehydrogenase is 
an essential link in the tricarboxylic acid cycle of 
Krebs, the common pathway for the terminal meta- 
bolism of carbohydrates, fats and proteins, and it 
occurs in mitochondria. The present observation on 
the rise in the enzymatic activity after treatment 
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with ‘Alentin’ indicates that the rise is a response 
of the epithelial cells of the thyroid to thyrotrophic 
stimulation of this type at the cellular level. 
This work was supported by a grant from the 
Sigrid Jusélius Foundation. 
A. N. Kuvsisto 
Vingo ANTILA 
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Effect of Lithium lons on the Penetration 
of Phosphate into Xenopus Embryos 


By means of the isotope phosphorus-32, it can be 
shown that embryos of Xenopus laevis, in normal 
culture conditions, take up very small quantities of 
orthophosphate. 

Blastule of this species were incubated for three 
hours in a medium containing lithium chloride at a 
concentration of 0-141 M, together with calcium and 
potassium chlorides at the concentration present in 
one-third strength Holtfreter solution, and radio- 
active phosphate (‘carrier-free’) at a concentration of 
5uc. per ml. Controls were incubated in one-third 
strength Holtfreter solution containing the same 
concentration of phosphorus-32. The embryos were 
then washed free of medium, and the amount of 
radioactive phosphorus taken up was measured ; in 
six experiments the mean value for embryos treated 
with lithium chloride was eleven times that for the 
controls. 

This effect is not, however, specific for lithium ions. 
Groups of embryos were incubated in similar con- 
ditions in media in which the lithium chloride was 
replaced by 0-141 M sodium chloride. They took 
up even more phosphate than those treated with 
lithium; they absorbed thirty-six times as much 
phosphorus-32 as the controls. 

The effects of sodium and lithium ions at the gas- 
trula stage are similar but less marked. In six 
experiments, the mean uptake of phosphorus-32 by 
gastrulz treated with lithium ions was four times that 
of the controls, whereas-the uptake from 0-141 M 
sodium chloride was fiftewn times that of the controls. 

The morphological effects of lithium were more 
severe when it was applied at the blastula stage than 
during gastrulation. The abnormalities obtained 
were similar to those described by Backstrom'. The 
0-141 M sodium chloride had little or no effect on 
the embryos at either stage, in spite of the remarkable 
effect on phosphate penetration. 

It seemed possible that the extra phosphate taken 
up in the presence of lithium or sodium chloride 
might be merely adsorbed at the surface of the 
embryos, and not enter into their phosphate meta- 
bolism. Some of the radioactive embryos were there- 
fore extracted with cold 10 per cent trichloracetic 
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acid, and the inorganic phosphate was precipitated 
from the extracts and filtered off for estimation 
of its contained phosphorus-32. 

In both lithium- and sodium-treated embryos, at 
blastula and gastrula stages, only about 40 per cent 
of the phosphorus-32 was still present as inorganic 
phosphate at the end of the three-hour incubation 
period. In the control blastule the proportion of 
inorganic phosphate was about the same, but in the 
control gastrule rather more of the phosphorus-32 
was bound organically. 

The phosphorus-32 remaining in the embryos after 
two extractions with trichloracetic acid was measured. 
This fraction probably consisted mainly of radio- 
phosphorus incorporated into nucleoprotein, since 
phospholipids and phosphoproteins are not built up 
rapidly in early amphibian development’. In control 
blastulz and gastrule, 14-2 and 31-7 per cent 
respectively of the total phosphorus-32 taken up 
remained in the residue, but the values for those 
treated with sodium chloride were 2-5 and 4-2 per 
cent and for those- treated with lithium chloride 
1-3 and 2-6 per cent respectively. 

These results suggest some deficiency in the 
nucleoprotein synthesis or in metabolite transport in 
the embryos treated with lithium chloride compared 
with those treated with sodium chloride. This con- 
clusion is consistent with work recently published 
showing interference of lithium with the phosphate 
metabolism in both Amphibia* and sea-urchins*. 

Further details of this work will be published 


elsewhere. 
DorREEN THOMASON 
Royal Free Hospital School of Medicine, 
Hunter Street, 
London, W.C.1. 
Jan. 19. 

? Backstrém, 8., Ark. Zool., Ser. 2, 6, 527 (1954). 
* Kutsky, P. B., J. Exp. Zool., 115, 429 (1950). 
* Lallier, R., Arch. Biol. (Paris), 66, 223 (1955). 
* Gustafsoa, T., Int. Rev. Cyt., 3, 277 (1954). 


Uroporphyrin from Turacin : a Simplified 
Method 


Turactn, the uroporphyrin copper complex from 
the flight feathers of Musophagidae, contains uro- 
porphyrin I according to Fischer and Hilger’; but 
Rimington?* found coproporphyrin III on decarb- 
oxylation. Watson and Berg‘, however, could not 
confirm Rimington’s findings. 

As the technique of preparation of uroporphyrin 
from turacin is complicated**, the following simplified 
procedure may be of interest. The red parts of the 
feathers are treated with a measured amount of 
concentrated sulphuric acid sufficient to wet them 
thoroughly. An hour later sufficient absolute meth- 
anol to produce @ mixture containing 5 per cent v/v 
’ sulphuric acid is added cautiously. After thorough 
mixing and standing overnight, the mixture is 
neutralized with saturated aqueous sodium acetate, 
and chioroform and water are added to extract the 
ester. ‘The chloroform solution is washed. ‘the phase 
separations are remarkably clear and rapid. 

Then follow chromatographic separation and 
purification as described by Nicholas and Rimington®, 
whose findings were contirmed with the exception 
that no non-porphyrin material occurred. The uro- 
porphyrin (turaco A) ester melted at 26uv° and after 
recrystallization at 265°. Lutidine chromatography‘® 
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showed an 8-carboxyl porphyrin and decarboxylation’ 
gave coproporphyrin crystallizing in fine needles 
radiating from a centre which softened at 120° and 
melted at 140°. The uroporphyrin ester crystallizeci 
much more slowly and less completely from chloro- 
form—methanol than uroporphyrin I ester. The 
red parts of the turaco feathers contained about 
5 per cent porphyrin and are thus the richest known 
natural source of porphyrin ; and, by this simplifiec! 
method, also the most easy to bandle. 

Part of the turaco uro ester was sent to Rimington 
in London, who carried out decarboxylation of 
370 ugm. (3 hr. with 1 per cent hydrochloric acid ai 
180-183°), transferred the coproporphyrin to ether, 
evaporated and esterified and found a yield of 
141-8 ugm. (51 per cent of theory). The ester 
crystallized from chloroform in rosettes of prisms 
with melting point 146—48°, solidifying on cooling 
and remelting at 172-74°. Lutidine chromatography 
showed a very strong spot of coproporphyrin ITI, 
no coproporphyrin I and a fairly strong spot of 
tricarboxyl porphyrin. Lutidine chromatography of 
the uroporphyrin itself showed 8-carboxy! porphyrin 
(two spots as usual) and a very faint spot of 7-carb- 
oxyporphyrin. Dioxan chromatography of the ester 
showed uroporphyrin III with some tailing. 

Thus, it seems established that the uroporphyrin 
of turacin is really uroporphyrin III. 

This work was supported by a grant from the 
Science Fund of the Danish State. Copenhagen Zoo 
supplied the turaco feathers. Prof. K. A. Jensen, of 
the Chemical Laboratory of the University of Copen- 
hagen, carried out the decarboxylation. Mrs. M. Rubin 
has given valuable technical assistance. My special 
thanks are due to Prof. C. Rimington, University 
College Hospital, London, for valuable advice and 
interest in the work. 

TorBen K. 

Central County Hospital, 

Svendborg, Denmark. 


s ry aes and Hilger, J., Z. physiol. Chem., 128, 167 (1923) ; 138, 
* Rimington, C., Proc. Roy. Soc., B, . 106 (1939). 

* Nicholas, R. E. H., and Rimington, C., Biochem. J., 50. 194 (1951). 
* Watson, C. J., and Berg, M., J. Biol. Chem., 214, 537 (1955). 

s Eriksen, L., Scand. J. Clin. and Lab. Invest., 5, 155 (1953). 

* Fischer, H., and Zerweck, W., Z. physiol. Chem., 187, 242 (1924). 


Zone Electrophoresis of Mammalian 
Sera in Starch Gels 


Smrruies' has described the electrophoresis of 
human serum proteins in starch gels. This procedure 
gives a better resolution of serum proteins than that 
obtained on paper or in agar gels. The resolution of 
the serum proteins of cow, pig, horse and dog has 
been investigated by this method, and it has been 
found that the pattern obtained is a characteristic of 
the species. 

The procedure and apparatus employed are similar 
to those of Smithies. The electrophoresis is carried out 
in boric. buffer at 7 V./em. for 16 hr., the voltage 
drop being measured between two points 10 cm. 
apart in the gel. The rear edge of the albumin zone 
moves 7—9 em. in this time. If the concentrations of 
the buffer and bridge solution and the potential are 
kept constant, the magnitude of the movement is 
largely governed by the concentration of starch in 
the gel and the degree of hydrolysis of the starch ; 
these two factors are varied to allow for batch 
differences in the starch. 
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Albumin trailing edge 
Epidiascope projections of cow, dog, pig and horse serum 


t Origin 
Fig. 1. 
_ downwards) after starch gel electrophoresis. 
albumin band is not shown (see Fig. 2). Arrow i 
direction of separation of protein bands 


Resolution in 
ndicates 


Some examples of the electrophoretic patterns 
obtained are shown in Fig. 1. These diagrams were 
prepared by projecting an epidiascope image of the 
stained starch gel on to paper and marking the zones ; 
thus the diagrams do not reflect intensity of staining 
but merely the position and width of the protein 
bands. Only the anodic sides of the gels are shown ; 
usually no resolution is apparent on the cathodic 
side, other than a diffuse y-globulin band. 

Fig. 1 shows that the main points of difference are 
the number of pre-albumin bands, the total number 
and position of the post-albumin bands and the 
presence or absence of a ‘discrete’ protein band in 
the pig and some dogs. ‘This latter band stains 
intensely, is thinner and sharper than the other 
bands, and is wavy rather than straight. 

Under certain electrophoretic conditions, parti- 
cularly with higher voltage gradients (15-40 V./cm.) 
and constant current, the post-albumin zones are 
not well resolved, but the albumin zone shows 
resolution into three or four bands in the animals 
examined (Fig. 2). These bands appear to be super- 
imposed on the albumin zone and it seems likely 
that they are part of the a-globulin complex which 
- migrates at the same rate as albumin, rather than an 
indication of albumin resolution. With these higher 
voltage gradients it is necessary to cool the gel during 
electrophoresis, by supporting it in a 1-5 cm. diameter 
glass tube within a water jackct. 

By increasing the time of hydrolysis of the starch, 
or alternatively using more acid for a given time, it 
is possible to prepare hydrolysed starches which gel 
satisfactorily at 25 per cent w/v. These starches 


usually have an improved resolving power for the 


i if 
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Fig. 2. MEEBO illustration of protein senna in albumin 
zone (albumin s stippled). The post-albumin bands are not shown. 
pent ——— cate direction of separation of protein bands 
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post-albumin bands, but the pre-albumin zones may 
be lost. It is difficult to compare different gels directly 
because the bands do not usually coincide, but it has 
been found that the position of the post-albumin 
bands relative to the albumin trailing edge (Ra 
value) is reasonably constant irrespective of distance 
of migration. The improved resolution of the post- 
albumin bands from pig sera with more concentrated 
gels is shown in Table 1. The slowest moving group 
of proteins, and the ‘discrete’ protein band, if present, 
are more variable in position. 


Table 1 
Starch concentration, per cent w/v j 
15 15 17-5 20 
Raw values* 
0-27 0-29 0-06 0-26 
0-33 0-36 0-13 0-31 
0-16 


0-76 
0 ‘81 
0-88 
9 


0-90 0-91 

0-91 
0-92» 0-93 
0-95 0-95 

0-0? 
0-97 0-97 


‘Di 
0-66 


0-84 


0-74 


0-58 0-60 


distance moved by protein band 


= 
am win distance moved by albumin trailing edge 


With the best resolution obtained to date in pigs, 
it is possible to recognize two pre-albumin bands, an 
albumin band with four superimposed bands, thirteen 
immediate post-albumin bands, three slow-moving 
protein bands, a ‘discrete’ protein band of variable 
position and a diffuse y-globulin band. The charac- 
terization of these protein bands in terms of the 
conventional classification of serum proteins will be 
the subject of a further communication. 

G. C, AsHTon 
Farm Livestock Research Station, 
Animal Health Trust, 
Lilystone Hall, 
Stock, Essex. 
Jan. 15. 
*Smithies, O., Biochem. J., 61, 629 (1955). 


Bundles of Primary Wool Follicles in Sheep 


Hardy and Lyne! have shown that bundles of 
secondary (S) wool follicles are formed by branching 
in the merino foetus. The same method of bundle 
formation is also known to occur in karakul sheep*. 
Bundles of S follicles, with common openings at the 
skin surface, were found in the adults of many breeds 
of sheep examined by Spéttel and Tiinzer*, the num- 
ber of bundles and the number of follicles per bundle 
increasing progressively from the primitive mouffion 
to the fine-woolled merino. 


| 
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are shown on the right 

Recent detailed histological studies of skin samples 
from the mid-lateral region of the trunks of four 
medium-woolled merino rams (age 20-21 months), 
two inbred merino ewes (age seven years) and one 
corriedale ewe (age more than seven years) have 
revealed the presence of a few bundles of primary 
(P) wool follicles in all the sheep examined, except 
one ram. The bundles, apparently not previously 
described in sheep, consist of two to six P follicles 
with a common neck and opening at the skin surface. 
A typical bundle of four P follicles is shown in Fig. 1. 
A normal sudoriferous gland and arrector pili muscle 
are associated with each of these bundles. The 
follicles are usually separate at the level of the junc- 
tion of the sebaceous glands, although occasionally 
they may still be contained within a common outer 
root-sheath. In one bundle examined, three of six 
P follicles are still united by a common outer root- 
sheath at the level of the attachment of the arrector 
pili musele. In most of the bundles examined, this 
musele is attached to only one of the follicles of the 
bundle. This follicle is termed the original P follicle 
(PO) and the other follicles in the bundle are called 
the derived P follicles (PD). In one bundle of two 
P follicles, the arrector pili muscle is attached to 
connective tissue joining both follicles. Both these 
may be PO follicles, or one may be a PO and the 
other a PD. For convenience in the present study, 
only one PO per bundle is recognized. 

The method of formation of the bundles of P 
follicles is unknown, but it seems reasonable to sup- 
pose that they develop by branching in a manner 
similar to that described for S follicles’. Recent 
studies on hair growth in the bandicoot (Perameles 
nasuta) revealed that follicles with and without 
sudoriferous glands can form bundles by branching 
(unpublished work). Further studies are in progress, 
in order to determine the frequency and method of 
formation of bundles of P follicles in merino sheep. 

The discovery of bundles of P follicles is relevant 
to some of the recent and current investigations. In 
the quantitative studies of Burns‘, Carter’, Carter 
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and Hardy*, Fraser’, Schinckel*, Short’, and others, 
counts have been made of the follicles at the level 
of the sebaceous glands. At this level, bundles of 
P follicles, if present, are not usually recognized. 
Also, in these studies, only one P follicle was allotted 
to each arrector pili muscle plus sudoriferous gland ; 

all others were classified as S follicles. The con- 
stancy of the number of P follicles at different ages 
for a given individual* refers only to the PO follicles. 
The present findings reveal that some of the so-called 
S follicles may be PD follicles, and, consequently, 
some of the published observations on the numbers 
and ratios of follicle types must be re-interpreted. 
The ratios S/P and (S + PD)/PO are only equai 
when PD = 0. Table 1 shows the observations on 
the follicles of adjacent groups, taken at random, 
in the four merino rams, one of which has an 
(S + PD)/PO ratio 33 per cent 
greater than the true S/P ratio. 


Table 1. ON THES DIFFERENT TyPEs OF WOOL 
FOLLICLES IN THE FouR MERINO Rams 
No. of | No.of | No. of 4 
Ram PD |P= +PD | (S + PD)/PO 

follicles | follicles | follicles 

1 537 25 8 16°3 21-8 

2 384 20 1 18-3 19-3 

3 303 15 0 20-2 20-2 

4 318 12 2 22-7 26-7 


Thanks are due to Miss M. J. Heideman and Miss 

A. J. Bathgate for technical assistance. 
A. G. 
Division of Animal Health and Production, 
Commonwealth Scientific and 
Industrial Research Organization, 
McMaster Animal Health Laboratory, 
Sydney. 
Dec. 11. 
* Hardy, Lyne, , Proc. Int. Wool Text. Res. Conf. 
Biol. Sci., 9, 423 (1956). 
* Tanzer, E. “Haut und Haar beim Karakul in rassenanalytischen 
Vergleich” (Otto Thiele, Halle, Saale, 1926). 

Arch, Naturgesch., 89, 1 (1923). 
* Burns, Agric. Sci., 39, 64 (1949); 43, 422 (1953); 44, 86 
(1954); “1% (1954); 46, 389 (1955). 
* Carter, and Hardy, M. H., Coun. Sci. Industr. Res. Aust. 

* Fraser, A. S., Aust. J. Agric. Res., 6, 737 (1954). 
* Schinckel, P. G., Aust. J. Agric. Res., 6, 68 (1955); 6, 94 (1955). 
* Short, B, F., Aust. J. Agric. Res., 6, (1955), a: 


Effect of Dichlorophenoxyacetic Acid on 
the aon and Phototropic Responses 
the Oat Coleoptile 

Ovr interest in 2,4-dichlorophenoxyacetic acid 
(2,4-D) is in its influence on growth inhibition as a 
‘weed killer’, rather than its role directly in growth 
promotion or stimulation at the more physiological 
concentrations. Also, it should be pointed out that 
at high concentrations 2,4-D does not inhibit the 
growth of the coleoptiles of whole, intact Avena 
seedling’, such as is the case for coleoptile sections’. 

Recently, while conducting ¢ ts with 
etiolated Avena coleoptiles in relation to the effect 
of 2,4-D and other chemical factors on auxin 
destruction?*, there was occasion to use white light 
as an inhibiting influence on coleoptile growth. 

The observation was made on plants which were 
exposed non-uniformly to the light. The untreated 
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Fig. 1. 5-day old Avena after spraying with 2, 
1,000 p.p.m. and exposed to light for approximately 1 


plants responded positively to the light, whereas the 
plants treated with 1,000 p.p.m. of 2,4-D (sprayed on) 
showed very little or no response (Fig. 1). ‘he results 
are quite striking and distinct. 

In order to obtain more control and exacting 
conditions, Avena seedlings were grown in the 
classical Went Avena holders and exposed to a 
measured quantity of light, both white and blue. 
Geotropic experiments were conducted in red light. 

Experiments were carried out in blue light since 
this region of the spectrum is recognized as 
the actinic area of the visible spectrum for 
phototropism‘. Blue light of approximately 
10 ft.-candles caused about 90° bending of the 
upper-half of the coleoptile, whereas controls 
responded slightly negatively or not at all 
after 5 hr. of continuous exposure. 

A set of plants was ex to white 
light (60-W. incandescent bulb) at 20-10 ft.- 
candles for 5 hr. The results are shown 
in Fig. 2. Controls and once-decapitated 
plants responded normally. Whole cole- 
optiles ‘pated’ with 2,4-D were generally 
non-responsive. At 1,000 p.p.m., epinasty 
of coleoptiles may occur and _ individual 
plants may bend in any direction. (In 
later experiments the use of lower con- 
centrations has resulted in less epinasty, 
but essentially the same 100 per cent lack of 
response to unilateral light at the energy-levels 
used. Concentrations of 100 p.p.m. prevent 
phototropic response, but 10 p.p.m. gives clear 
bending, although not so much as controls.) 
In their original experiments on phototropism 
the Darwins and Boysen-Jensen demonstrated 
clearly that the coleoptile tip controls the 
response of the lower section to light. In the present 
experiments, in place of shading or inserting mica 
on the tip, it was ‘painted’ with 2,4-D, resulting in 
@ lack of response to phototropic stimulus. On the 
other hand, when only the lower coleoptiles were 
‘painted’ with 2,4-D the bending occurred demon- 
strably (Fig. 2). 

In the less-known response of geotropism similar 
results obtained, that is, lack of response to the 
influence (gravity). Plants were placed in Avena 
holders and allowed to grow to the normal size of 
20-30 mm. They were treated or not treated and the 
holders turned 90° so that the plants were horizontal. 
They were observed at 5 and 18 hr. The results are 
obvious (Fig. 2). Both the control and treated plants 
(upper two rows) grew generally straight, except for 
occasional distortion of the treated plants due to the 
high concentration of 2,4-D. Control plants turned 
horizontally 90° (normal) had almost assumed a 
normal vertical growth in 5 hr.; in 18 hr. this had 
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been attained. Once-decapitated plants, although 
showing little or no response at 5 hr., had generally 
recovered at 18 hr. Treated plants, however, re- 
mained for the most part in the same position they 
were placed in at the beginning of the experiment. 
It is interesting that roots of plants which had been 
exposed only momentarily to 1,000 p.p.m. and then 
placed (unwashed) back into the tray showed very 
definite responses similar to the plants which had 
their coleoptiles treated. 

The manifestation of these ‘responses of Avena 
coleoptile to 2,4-D seems quite obviously to be related 
to the (normal) mechanism of tropism in plants. 
From the previous results in this laboratory’, it 
would appear that phototropism is the result of the 
auxin destruction theory (Galston), rather than the 
alternative theories of unequal redistribution and 
transport (Went and Boysen-Jensen) or auxin syn- 
thesis (van Overbeek). The same reasoning may or 
may not hold for the response to gravity. This aspect 
needs much more consideration both for the normal 
response and the influence of such factors as the 
above on geotropism. 

Further experiments are under way using 2,4-D 
analogues (2,4,5-T, 2,4,6-T and 2,6-D) as well as 


Geotropic response. Dark (red ligh 


Avena plants 80 hr. old when tee 18 hr. 


Phototropic response. White light (20-10 ft. candles). 
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their reported anti-auxin analogues (2,6-D, DCA, 
TIBA and others). 

This investigation was supported by a grant-in-aid 
from the American Cancer Society upon recom- 
mendation of the Committee on Growth, National 
Research Council. 

J. H. M. HenpERson 
L. PETERSON 
Carver Foundation, 
Tuskegee Institute, 
Alabama. 
1 Henderson, J. H. M., and Deese, D. C., Nature, 174, 967 (1954). 
* Ball, N. G., and Dyke, Inga J., J. Exp. Bot., 3, 


Anthracnose Fungi of Olives 

Gorter! has referred recently in a communication 
on this subject to my observations? on G lum 
olivarum Alm. I am afraid, however, that he did 
not interpret correctly my description in Italian of 
the bundles of long, sinuous and flexible hyphz 
which can be seen sometimes at the periphery of the 
acervulus. In my paper I pointed out that these 
hyphz are not setz, and in a later paper* I carefully 
followed their formation and tried to interpret their 
origin, which I believe is connected with the mech- 
anism of eruption of the stromata, especially if 
certain environmental conditions prevail. 

Foschit extended my observations. He kept 
populations with these peculiar outwardly developing 
hyphe within the genus Gloeosporium S. et S., but 
on account of their morphology and their cultural 
characters he segregated them from G. olwwarum 
and referred them to an old species by Petri, G. olivae 
Petri (=Cylindrosporium olivae Petri). I may add 
that: (a) after cultural and inoculation tests with 
two isolates of G. olivarum and one isolate of G. 
fructigenum Berk. from apple, I concluded* that these 
isolates of G. olivarum were referable to G. fructigenum 
Berk. ; (6) it seems undesirable to establish a classi- 
fication of these very variable organisms on the 
findings by Struble and Keitt*, which are intended 
to elucidate genetical phenomena and do not seem 
to be immediately useful for classification purposes, 
especially in the light of recent views* on sexual 
behaviour in the genus Glomerella. 

ANTONIO CICCARONE 
Istituto di Patologia vegetale, 
Via Valdisavoia 1, 
Catania, Italy. 
1 Gorter, G. J. M. A., Nature, 178, 1129 (1956). 
* Ciccarone, A., Boll. Staz. Pat. Veg. Roma, (V), 5, 143 (1950). 
* Ciecarone, A., Ann. Sperim. Agraria (N.S.), 7, 585 (1953). 
‘Foschi, S., Ann. Sperim. Agraria (N.8.), 9, 911 (1955). 
* Struble, F. B., and Keitt, G. W., Amer. J. Bot., 37, 563 (1950). 
* Wheeler, H. E., Amer. J. Bot., 44, 342 (1954). 


A New Group of Compounds with Diamond- 
type (Chalcopyrite) Structure 


Ir is now possible to confirm the existence, 
previously predicted’, of a new group of compounds 
with chalcopyrite structure, and of general formula 
AUBIVXY,, where All is zinc or cadmium, B!V is 
silicon, germanium or tin, and XV is arsenic or phos- 
phorus. The new II—IV—V, compounds can be 
derived formally from ITI—V zinc blende compounds 
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Table 1 
Chaleopyrite Unidentified Incomplete reaction | 
structure constitution* of 
ZnSiAs, ZnSnP CaSiP 
ZnGeP, CdSnP, CdSiAs, 
CdGeP; ZnSi8b, 
ZnGeAs, CdSiSb, 
AS, ZnsiBi, 
CdSiBi, 
CdGeS! 
ZnSnSb, 
* Not single phase 


by substituting for every two atoms of the group IIT 
element one atom from each of groups II and IV 
(for example, GaAs > ZnGeAs,). 

Prelimi results of the investigation are sum- 
marized in Table 1, and refer largely to preparations 
carried out in sealed evacuated silica tubes, heated 
at 1,000—1,100° C. (with an external argon pressure 
of up to 35 lb./in.* to compensate for the high vapour 
pressure of some constituents). Seven compounds 
with a chalcopyrite structure have so far been found, 
as in the first column. It is, of course, possible that 
under different conditions of preparation some of 
the other compositions tried might have crystallized 
in this structure. In this connexion, however, 
I—II—VI, chalcopyrite compounds (for example, 
CulnSe,) have lower melting points and appear to 
be less stable than the related II—VI zinc blende 
series'*. Hence it seems probable, by analogy, that 
members of the new group would be less stable than 
related III—V zinc blende compounds. In view of 
the low melting point of InSb, this may account for 
the absence from the group of antimony and bismuth 
analogues. For the same reason analogues containing 
mercury or lead also may not form, though their 
preparation has not so far been attempted. 
Analogues containing beryllium or magnesium may, 
however, exist. 

The new compounds are semiconductors much 
resembling the I—III—VI, series'*. Specimens suit- 
able for electrical measurements have not been 
obtained, but optical measurements have given the 
energy gaps shown in Table 2. These values confirm 
the expectation that the energy gap for a given 
1II—IV—V, compound is determined largely by the 
IV—V bonds, the weaker of the two types in the 
structure. On this view, the energy gap is (a) lower 
than that for the related III—V compound (that is, 
AlAs for ZnSiAs,, GaP for CdGeP,); (b) higher than 
that for the related Group IV element (interpolation 
may be n ; CdGeP, is thus related to the 
‘element’ GeSi). We suggest that bond-strength 
increases along the sequence IV—IV, IV—V, III—V 
owing to increasing bond ionicity, and that energy 
gap follows suit*. (The influence of the II—V bond 
is probably relatively small and in any event is com- 


Table 2 
Compound Energy gap (eV.) 
CdGeP, 18 
ZnGeAs, > 0-6* 
ZnSnP, 2-1 
nP, 15 


* The absorption edge obtained was not sharply defined. 


| 
| 
: 
| 
# * Henderson, J. H. M., Miller, I. H., and Deese, D. C., Science, 120, 
te 710 (1954). 
: *Galston, A. W., and Baker, Rosamond S., Amer. J. Bot., 36, 773 
(1949). 
] 
| 
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plicated in this structure by ionic II—IV interaction.) 
Though this approach neglects a number of important 
factors, it can give a useful indication of energy gap 
in cases in which it has not been measured. 

The new group of chalcopyrite compounds allow 
an extension of the Grimm—Sommerfeld rule’. Lattice 
constants are in agreement with covalent radii ; 
thus ZnGeAs, has an ‘a’ repeat distance (5-67 A.) 
almost identical with those of GaAs and Ge (5-64 
and 5-66 A.). 

Compositions CdSnP, and ZnSnP, gave relatively 
complex X-ray diffraction patterns. Both materials 
are semiconductors with energy gaps greater than 
leV. 

I am indebted to Mr. J. A. Fryer and Mr. I. G. 
Austin for optical measurements of gap-width, and 
to Dr. E. G. Steward, who was responsible for X-ray 
measurements. 


Research Laboratories, 
The General Electric Co., Ltd., 
Wembley, Middlesex. 
Jan. 24, 

1 Austin, I. G., Goodman, C. H. L., and Pengelly, A. E. 8., Electro- 
April 1956 ; see also J. Electrochem. Soc., 108, 609 (1956). 

* Hahn, H., et al., Z. anorg. allg. Chem., 271, 153 (1953). 

* Goodman, C. H. L., and Douglas, R. W., Physica, 20, 1107 (1954). 

* Goodman, C. H. L., J. Electronics, 1, 115 (1956). 

* Grimm, H. G., and Sommerfeld, A., Z. Physik, 36, 36 (1926). 
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Para-Localization Energy (Free-Electron 

Molecular-Orbital Method) and Polaro- 

graphic Half-Wave Potentials of some 
Polynuclear Hydrocarbons 


POLYNUCLEAR aromatic hydrocarbons in 75 per 
cent dioxane solution which contains 0-175 M tetra- 
butyl ammonium iodide are reducible in the dropping 
mercury electrode’. As shown by the corresponding 
polarograms, it is a two-electron addition step process, 
and it is similar to the reduction of these compounds 
by alkali metals or their amalgams and alcohol, a 
fact which can be easily explained. 

Basu and Bhattacharva® suggested that, just as 
in chemical reduction, in the polarographic one the 
addition of two hydrogen atoms takes place in the 
para-positions. In this way, a relationship was 
established between para-localization energies, P(—§), 
and the polarographic half-wave potentials, —H,,,. 
Plotting P(—§), calculated by Brown‘ using the 
molecular-orbital method, versus —E 4/9, i 
by Wawzonek and Laitinen’ for a number of poly- 
nuclear hydrocarbons, a good straight line was 
obtained*, 

However, certain objections can be raised. Actu- 
ally, the value given by these authors to P(—§) in 
the positions 1 : 4 of naphthalene is not 4-00, as has 
been stated, but 3-68‘. With the latter value the 
curve does not give @ straight line. On the other 
hand, by plotting P’(-y) (corrected for overlap) 
against —H,,,, @ good straight line is obtained. 

The para-localization energies for the hydrocarbons 
studied by Basu and Bhattacharva* have been 
calculated by us using the free-electron molecular- 
orbital method’ ; and we find that they differ from 
those calculated by Basu® in those compounds in 
which one of the residual molecules is ethylene. In 
fact, in our calculation of the x-electron energy of 
ethylene, we have supposed that the free-electron 
path terminates one bond-length beyond each end, 
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Table 1 

Compounds Positions —Eys 
Naphthalene 1:4 2a — 0-173 K | 2-50 
Anthracene 9:10 | 2a — 0-354 K | 1-04 
Phenanthrene i3é 2a — 0-158 K | 2-46 
1: 2-Benzanthracene 6:10 2a — 0-330 K 2-03 
1:2,5:6-Dibenzanthracene | 5:10 | 2a — 0-308K | 2-07 
Diphenyl 1:4 |2a ~0092K | 2-70 


obtaining for this energy 0-222 h*/8ml?, where I is the 
bond-length of this molecule. Table 1 summarizes 
the values of P calculated, and —Z,;,. The symbol 
K stands for h*/8ml* = 440 keal./mol. Plotting P 
against —H,)., & good straight line is obtained. 

It will be observed that our calculated P-values 
are in the right sequence compared with the P’(—y) 
values of Brown and the experimental values for the 
addition of maleic anhydride‘. From our values it 
can be inferred that the para-localization energy 
must be less than 24 — 0-300 K, approximately, for 
the addition of maleic anhydride to take place. Our 
results also differ on this point from those obtained 
by Basu*, who found that there is addition only 
when the para-localization energy is less than that 
of the energy (2«) of two isolated electrons. If we had 
calculated the ethylene energy supposing the box to 
extend only one half bond-length at each end, then 
the calculated para-localization energies, though 
differmg numerically from Basu’s*, would have led 
us to expect addition only when they were less than 2a. 

J. I. FERNANDEZ-ALONSO 
Rosario DoMINGo 
Laboratory of Physical Chemistry, 
University of Vaiencia. 
? Wawzonek and Laitinen, 7. Amer, Chem. Soc., 64, 2365 (1942). 
*Clar, E., wa” Kohlenwasserstoffe” (Springer-Verlag, 
* Basu and Bhattacharva, J. Chem. Phys., 25, 596 (1956). 
* Brown, J. Chem. Soc., 691 (1950). 
s and Scherr, J. Chem. Phys., 21, 1565 (1953). 
* Basu, J. Chem. Phys., 23, 1548 (1955). 


Radioactive Contamination of Foodstuffs 
from Fall-out as a Source of Error in 
some Animal Experiments 


THE gastro-intestinal absorption of many sub- 
stances may be determined by fecal measurements 
following oral ingestion of a test dose containing a 
radioisotope. During the course of experiments of 
this type to determine the absorption of vitamin B,, 
in rats, it was noticed that residual radioactivity 

in the excreta of control animals which had 
not been given the radioactive test dose. This radio- 
activity, which was first noticed in July 1956, has 
recently increased to an extent which makes it 
impossible to continue the experiments as originally 
designed. 

The radioactivity was shown to result from a 
minute degree of contamination in the feeding stuffs 
and appeared as an ‘excess’ in the excreta collected 
for assay. The error was increased by the residual 
food inevitably mixed with the excreta in this type 
of experiment. 

Table 1 gives the results of measurements of the 
activity of samples of rat cubes and some other 
common constituents of animal and human diet. All 
the measurements were made with a scintillation 
counter containing a sodium iodide crystal of 2 in. 
diameter and 1 in. long, a re-entrant container and 
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Table 1 

Sample Counting-rate 

(c. per min.) 

1. 130 gm. Rat cubes (a) 5404 6-1 
(b) 41043: 

2. 250 gm. Milk (a) 6-384 
83430 

(e) 6343-4 

3. 120 gm. Dried crushed peas (a) 65°38 + 3°5 
b) 34-2450 

4. 200 gm. Sugar 22+4:-1 
5. 200 gm. Flour 49442 

6. 120 gm. Cut cabbage 

Delivery (@) 110043-4 

(0) 37-5 + 

(ec) 181533-4 

7. 220 gm. Carrot 80:30 
8. 110 gm. Cauliflower 289+56 
9. 250 gm. Salt 22+49 
10. 250 gm. Semolina 21+49 
11. 250 gm. Tap water (a) 67457 
(b) 4243-1 

(c) 76 = 

(d) 00+3:3 

Background (mean) 237-0 + 0-4 


lead shielding at least 3} in. thick. The background 
counting-rate used was that of the counter with 
250 ml. glass-distilled water in the container, although 
there was no significant difference between the mean 
of these measurements and those with no container 
in the apparatus. 

The sample of cabbage which gave the highest 
result was examined in more detail. The only natural 
contaminant was likely to be potassium-40 and the 
sample tested was analysed and found to contain 
5-7 mgm. potassium per gm. cabbage: this is within 
the normal range. An amount of potassium equal 
to the total in the cabbage sample when dissolved 
in 250 ml. distilled water gave a counting-rate of 
7-8 + 0-2 c. per min., which is only a few per cent 
of the mean counting-rate from the cabbage. 

It was not possible to establish the activity of the 
contaminants beyond all doubt, but a y-active com- 
ponent was demonstrated by re-measuring sample 6c 
with a lead filter of thickness 0-57 gm. per cm.* which, 
with the inherent filtration of the container and 
crystal housing, was sufficient to exclude all $-rays 
up to an energy of 1-8 MeV. Only a few per cent of 
the residual y-activity could be accounted for by 
bremsstrahlung from strontium-90 or by the very 
low activity yttrium-90 which may have been 
present. These results strongly suggest the presence 
of cesium-137, and if correct correspond to approx- 
imately 4 wuc. per gm. cabbage. The ‘maximum 
permissible total body burden’ for cxsium-137 is 
98 pe. 2. 

It is significant that the foods showing least 
activity were those such as sugar which were probably 
not recently prepared. 

Though it is well known that nuclear weapon tests 
have caused a slight degree of contamination over 
wide areas of land, the extent to which this may 
interfere with carefully planned biological experi- 
ments, where the practical level of measurement is 
well below human tolerance-levels, does not appear 
to have been fully appreciated. 

I would like to thank Dr. A. L. Latner and R. J. 
Merrills, of the Department of Biochemistry, Royal 
Victoria Infirmary, Newcastle upon Tyne, for 
analysing the potassium content of the cabbage, and 
Dr. F. T. Farmer for his encouragement and for 
permission to publish this communication. 

C. G. CLAYTON 

Radiotherapy Department, 

Royal Victoria Infirmary, 

Newcastle upon Tyne. 
Feb. 19. 


1 Brit. J. Radiol., Supp. 6 (1955). 
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Malvalic Acid and its Structure 


Some of the properties of a biologically active 
C,, fatty acid isolated from Malva verticillata and 
M. parviflora have been reported'. The name 
‘malvalic’ acid is now proposed for this acid, which 
was previously referred to as ““Halphen acid” because 
it gave rise to the Halphen colour test. 

The Halphen test is also given by sterculic acid, 
for which Nunn?® proposed structure (I) and Verma, 
Nath and Aggarwal*® proposed structure (II). 


CH,—(CH,),—C=C—(CH,),COOH (I) 
CH, 
2 (II) 


We have examined the infra-red spectra of mal- 
valic, dihydromalvalic, sterculic, dihydrosterculic an« 
lactobacillic acids and their methyl esters, and con- 
clude that structure (I) for sterculic acid is more in 
accord with the data than is structure (II), and that 
malvalic acid has the general structure (III), similar 
to sterculie acid (I). 


CH,—(CH,),—C=C—(CH,) ,COOH 
CH, 


(IIT) 


z+y=13 


Verma et al.‘ found a band at 1,008 cm.-' in the 
infra-red spectra of sterculic acid and attributed it 
to the cyclopropane ring. They also reported bands 
at the double-bond frequencies of 1,643 cm.-' and 
690 cm.-' and deduced structure (II). Faure and 
Smith’, however, found that freshly prepared sterculic 
acid showed no absorption in the double-bond regions 
and they assigned the band at 1,008 cm.-', together 
with a weak band at 1,870 cm.-', to vibrations of the 
cyclopropene ring. In agreement with Faure and 
Smith’, we have found sterculic acid to give bands 
at 1,008 cm.-' and 1,872 cm.-". Malvaiic acid gave 
a band at 1,008 cm.-!, as previously reported', and 
also a weak band at 1,870 cm.-'. No absorption 
was found in either acid in the usual double-bond 
regions. 

Following hydrogenation with a palladium catalyst, 
dihydrosterculic and dihydromalvalic acids were 
isolated and purified. The spectra of these compounds 
showed that the band at 1,870 cm.-' had disappeared, 
whereas the 1,008 cm.-! band had moved to 1,021 em.-! 
in both cases, in contrast to the results of Verma 
et al.4, who found no band-shift on hydrogenation of 
sterculic acid. We therefore favour structure (I) for 
sterculic acid and consider that malvalic acid has 
the same general structure (III). 

Further evidence was sought from the high- 
frequency region of the spectra. Herzberg® states 
that in cyclopropane the carbon—hydrogen vibrational 
bands are at 3,103 cm.-! and 3,024 cm.-!. Wiberley 
and Bunce’, using a spectrometer equipped with a 
lithium fluoride prism, found bands at 3,096 cm.-! 
and 3,012 cm.-! in some cyclopropyl derivatives and 
ascribed these bands to the stretching frequencies 
of the ring CH, group. Slabey*, using a sodium 
chloride prism, detected shoulders at 3,096 cm.-! and 
3,012 cm.-! in some cyclopropane derivatives. Cole’, 
investigating a number of steroid and terpenoid 
compounds containing a cyclopropane ring, found a 


et 
2 
é 
rik 
ge 
Bite 
44) 
aie 
si 


No. 4564 April 20, 1957 


band at 3,040-3,058 cm.-! which he assigned to the 
ring CH, group. 

The spectra of the compounds mentioned above 
were recorded up to 4,000 cm.-} using @ spectrometer 
equipped with a calcium fluoride prism. Methyl 

dihydrosterculate showed bands at 3,056 cm.-' and 
2,988 cm.-' and methyl dihydromalvalate at 3,057 

cm.~' and 2,990. cm.-! ; likewise, methyl lactobacillate, 
which also contains 'e cyclopropane ring’®, showed 
bands at 3,058 cm.-' and 2,988 cm.-'. These bands 
were also observed in the spectra of the acids them- 
selves. An acid with structure (I) or (II) on hydro- 
genation with a palladium catalyst would give a 
compound with a cyclopropane ring and no other 
centre of unsaturation. The absorption at 3,056- 
3,058 cm.-? and 2,988—2,990 cm.-! in dihydrosterculic 
and dihydromalvalic acids and also lactobacillic 
acid is therefore attributed to the stretching fre- 
quencies of carbon—hydrogen groups contained in the 


sropane ring. 

Neither sterculic nor malvalic acids, nor their 
methyl esters, however, showed any absorption in 
this region. If structwre (IT) for sterculic acid were 
correct, absorptions should be found in the region 
above 3,000 cm.-! corresponding to the carbon— 
hydrogen stretching vibrations of the cyclopropane 
ring and also of the =CH group. On the other hand, 
if the structures (I) and (III) are correct for sterculic 
and malvalic acids respectively, it is not clear why 
the CH, group in the cyclopropene ring does not show 
absorption analogous to that shown by the cyclo- 
propane ring. 

We wish to acknowledge gifts of sterculic acid 
from Mr. P. K. Faure and lactobacillic acid from 
Dr. K. Hofmann. 

J. J. MACFARLANE 
F. 8. SHENSTONE 
J. R. VicKERY 


Division of Food Preservation, 
Commonwealth Scientific and 
Industrial Research Organization, 
Homebush, New South Wales. 
Jan. 31. 


1 Shenstone, F. 8., and Vickery, J. R., Nature, 177, 94 (1956). 

* Nunn, J. R., J. Chem. Soc., 318 (1952). 

P., Nath, Bhola, and Aggarwal, J. Nature, 175, 84 

‘Verma, J. P., Gupta, Das, Bhola, and Aggarwal, 
J. 8., J. Ind. Soc., (1988)" 

* Faure, P. K., bt Smith, J. C., J. Chem. Soc., 1818 (1956). 

2s Red and Raman Spectra”, 352 (D. Van Nostrand 

Co., 4 1947). 

* wiberey, 8. E., and Bunce, 8. C., Anal. Chem., 24, 623 (1952). 
*Slabey, V. A., J. Amer. Chem. Soe., 76, 3604 (1954). 

* Cole, A. R. H., J. Chem. Soc., 3807 (1954). 

1° Hofmann, K., ‘Lacas, B.A., and Sax, 8. M., J. Amer. Chem. Soc., 
72, 4828 (1960). 


Power Loss by Polar Molecules in an 
a.c. Field 


It is well known that below the range of the optical 
frequencies the power loss in a@ dielectric is only a 
property of the polar molecules, and this loss in 
an a.c. field is basically due to the rotation of the 
dipoles and their subsequent relaxation. In the most 
familiar Debye' type of loss, it is shown that the 
molecules show a transition between two equilibrium 
positions (in actual practice different dipoles have 
different equilibrium positions) separated by a 
potential barrier, and this equilibrium in a constant 
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field is attained exponentially with time, whereas, 
in the so-called resonance loss indicated by Fréhlich*, 
it is assumed that the equilibrium is not only 
approached exponentially with time ; but also super- 

on this is the fact that the equilibrium 
position is attained through oscillations. Mathe- 
matically, in the Debye case the decay function F'p 
assumes the form: 


Fp x exp (— ¢t/r) (1) 


where ¢ is time and r the relaxation time. The decay 
function FR in the resonance case is: 


Fr & exp (— ¢t/r) cos (wot + 9) (2) 


where ®,/2z is now the frequency of oscillation and 
a constant. The frequency of maximum absorption 
at any temperature would lie near the value of 1/r in 
the Debye case and near ®,/2z in the resonance case. 

Now the Debye and the resonance cases of the 
decay of polarization are similar to the critically 
damped and the under-damped conditions in an 
ordinary damped free-vibration problem. Hence the 
decay of polarization may also be extended to the 
remaining condition, namely, the over-damped state. 
Thus in this case it can be easily shown that the 
decay function (Ff) should assume the form: 


m,t) + C, exp (— m,f) (3) 


where m, and m, are two real but unequal constants 
and C, and C, are two other constants. This shows 
that the polarization/time curve will be the sum of 
two decreasing exponential curves with relaxation 
times of 1/m, and l/m,. The decay of polarization 
here, though of similar type to that in the Debye 
case, will be much slower. In view of the above, 
the following observations in connexion with the 
over-damped case may be useful. First, the over- 
damped decay being too sluggish, the relaxation or 
the relaxation time may not be so dependent on 
temperature as a Debye type of decay would be. 
Secondly, not many substances, except perhaps the 
solids consisting of large molecules, would show this 
peculiar type of decay. Lastly, the behaviour of the 
‘electrets’ may perhaps be likened to solids exhibiting 
enormous damping; it may be assumed that what- 
ever polarization is given to such @ substance in the 
liquid state (when damping is less) it is almost 
‘locked in’ when the substance is solidified. 

I thank Prof. D. 8. Kothari, Scientific Adviser, 
Ministry of Defence, India, for facilities for this 
investigation. 


F = C, exp (- 


H. P. BHATTACHARYYA 


Defence Science Organization, 
New Delhi, F 


Debye, P., ‘Polar Molecules” (Dover Publications, New York, 1928). 
* Frohlich, H., “Theory of Dielectrics” (Oxford, 1949). 


Decay Theory of Immediate Memory 


Two main types of theory have classically been 
suggested to account for the fact that, without 
adequate rehearsal, memory for perceived material 
appears to be extremely short. They have relied 
on the interfering effect of other material interpolated 
between perception and recall, or on interference dur- 
ing recall, or they have relied on the decay of the 
memory with passage of time. Although most 
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workers to-day would agree that both postulates are 
necessary to account for failures of immediate recall, 
it has proved difficult to examine either in isolation. 
In the course of a study relevant to the memory 
requirements for using telephone dials, an experiment 
was carried out which would seem to provide un- 
ambiguous support for the decay theory of recall. 

Thirty subjects listened to 8-digit numbers which 
had been recorded on tape at rates either of 30 or 
90 digits per minute. Immediately at the end of each 
number, a timing device was started which clicked 
loudly at one of two rates, again either 30 or 90 per 
minute. Subjects wrote down the 8-digit number 
they had just heard, one digit at a time, in step with 
the timer. In the condition with both presentation 
and recall at the slow rate, for any given digit in the 
series, the interval between presentation and recall 
me three times longer than when both rates were 

ast. 

The proportion of numbers correctly recalled was 
significantly greater with the shorter delay (0-41, 
0-32). Furthermore, without exception, individual 
digits in the same serial position were correctly 
recalled more frequently at the fast rate. Trebling 
the interval between presentation and recall approx- 
imately doubled the number of digits forgotten. 

Since it seems that the longer one is restrained from 
recalling, the greater is the likelihood of forgetting, 
it might be expected that recall at a free rate would be 
superior to recall at any constrained rate. The above 
method, without the timing device, was used to test 
this. The proportions of wrong numbers at paced 
recall rates of 30 or 90 digits per minute and under a 
condition of free recall were, respectively, 0-65, 0-59 
and 0-38. It is difficult to explain these results other 
than in terms of decay theory. 


R. Conrap 


Medical Research Council 
Applied Psychology Research Unit, 
Cambridge. 

Jan. 25. 


Discovery of Ammonoids of the Upper 
Devonian Wockliumeria Zone in North 
Cornwall 


ReEcENTLY, Dr. R. Goldring’ has been able to make 
a direct correlation of the lower part of the Pilton 
Beds of North Devon with the Wocklumeria Zone of 
the Sauerland, Germany. This correlation is based 
on the trilobites which occur both with the brachio- 
pod faunas of the Pilton Beds and the ammonoid 
faunas of the Sauerland. Thus the German faunal 
horizon was precisely identified in England for the 
first time. 

Evidence for the presence of the Wocklumeria Zone 
south of the Culm has hitherto been lacking: it has 
now been identified in the Launceston district. 

On July 18, 1956, one of us (M. R. H.), searching 
the collections in the Penzance Museum, discovered 
@ single specimen of Wocklumeria sphaeroides (R. 
Richter) which is identical with those figured from 
the upper Wocklumeria Stufe of Germany by Schinde- 
wolf? (pl. 1, Fig. 14, pl. 2, Fig. 1). The specimen 
(Collection No. 233) is labelled ‘“Yeo(or Yea)lmbridge’’. 
This is very probably the locality given as Yeolm- 
bridge, two miles north of Launceston, which was 
well known to the early collectors. This specimen was 
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exhibited at the annual reunion of the Geologists’ 
Association in London on November 3, 1956. 

In late July 1956, the second writer (E. B. S.), 
working independently, discovered a locality in the 
Launceston area which has yielded a well-preserved 
ammonoid fauna including the genera Clymenia, 
Kalloclymenia, Kosmoclymenia, Wocklumeria, Epi- 
wocklumeria, Parawocklumeria, Sporadoceras and 
Imitoceras. This is a typical Wocklumeria Zone 
fauna. A full description of the locality and its fossils 
is being prepared (by E. B. S.). 

These discoveries mean that the supposed hiatus 
in the Upper Devonian to Lower Carboniferous 
succession of Cornwall has been greatly reduced, and 
that representatives of all the major German Upper 
Devonian ammonoid zones have been now identified 
in England. 

M. R. House 

Department of Geology, 

Science Laboratories, 
University of Durham, 
South Road, 
Durham. 
E. B. SELwoop 
Department of Geology, 
University, Bristol 8. 
* Goldring, R., jana, 36, 27 (1955). 
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Graphical Methods in Enzyme Chemistry 


In 1932, Dr. Kurt Stern published a German 
translation of my book “ "4, with numerous 
additions to the English text. On pp. 119-120, I 
described some graphical methods, stating that they 
were due to my friend Dr. Barnett Woolf. Michaelis’s 
Va 
TK’ where is 
the substrate concentration at any moment, v the 
velocity with which the substrate is being destroyed, 
V the velocity when the enzyme is saturated, and 
K the Michaelis constant. Woolf pointed out that 
linear graphs are obtained when v is plotted against 
against or against 2, the first plot 
being most convenient unless inhibition is being 
studied. But competitive inhibition gives a pencil 
of lines through the point (0,V-*), while non-com- 
petitive inhibition gives a pencil through the point 
(— K-1,0), when v- is plotted against z-'. 

These methods were afterwards rediscovered by 
others, the first of these rediscoveries being by Line- 
weaver and Burk*. Dr. Woolf was undergoing a 
serious illness as the result of an accident, and never 
published the results which he had shown me in 
draft form. Recently, Hofstee* has credited me with 
the invention of these methods without mentioning 
Woolf’s name. Squabbles as to priority are un- 
dignified ; but if anyone is to be credited with these 
methods, the credit belongs entirely to Woolf, and 
not to myself, unless indeed he and I had overlooked 


still earlier work. 
J. B. 8. Hatpane 


equation may be written v = os 


University College, 
Gower Street, 
London, W.C.1. 


Haldane, J. B. 8., and Stern, K., “Allgemeine Chemie der Enzyme”’ 
(Steinkopf, Leipzig and Berlin, 1932). 

* Lineweaver, H., and Burk, D., J. Amer. Chem. Soc., 56, 658 (1934). 

* Hofstee, B. H. J., Enzymologia, 17, 273 (1956). 
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(Meeting marked with an asterisk * is open to the public) 


Wednesday, April 24 


ROYAL GEOGRAPHICAL Soorery (at 1 Kensington Gore, London, 
at p.m.—Mr. T. L. Wadley: “Tellurometer 
easuremen 


INSTITUTION OF ENGINEERS SECTION (at 
sevey Pines, Landa n, W.C.2), at 5.30 p.m.—Monsieur 8. 8. Rokotyan : 
“Transmission of Electrical Power at 400 kV. in ‘the Soviet Union’’. 


BRITISH INSTITUTION OF RADIO ENGINEERS (in the Lecture Theatre 
of the London School of Hygiene and Tropical 
Street, Gower Street, London, W.C.1), at 6.30 —Dr. 
Shepherd : “The Properties of Semi-conductor De ces, 


oom or FUEL (at the of 
reet, 8.W.1), at 7 p.m.—Mr. 
Address. 


SOcIRTY OF TECHNOLOGY Manson House, Portland 
lace, London, W.1), at 7 p.m.—Mr. W. K. Taylor: ‘*‘Measurement 


d Control Circuits in the uman Operator”. 

"Soudan Sooctety (at the School of Phar: , 17 Blooms- 
bury Square, London, W.C.1), at 7.30 p.m.—Dr. R. Baker: 
“Further Experiences with a Manual Polarogra; Mr, G. Russell 
“Polarography of Ninhydrin” ; Mr. R. Co “Polarographic 


Experiences in Metallurgy”. 


Thursday, April 25 


INSTITUTION OF MINING AND (at the Geo 
Society of London, Burli Piccadilly, London, W.1 
5 p.m.—Mr. E. M.'El Sha: J. 8. Webb and Mr Williazns 


“Trace Elements on Sphale: Gaiens Awsociated from 
the — Isles” ; Rk. J. P. Lyon and Mr. B. Scott: “S 
ne cal and Structural Ore ‘Controls on the Site Vein at Heights 
ine, Weardale, Co. Durham”. 
LONDON MATHEMATICAL SOCIETY the 
. E. H. Reuter: 
Socrgty OF INDUSTRY, PLASTIOS AND PoLyuan we 
as e Square, London, 8.W.1), at 6.90 p.m.—Dr. W . &. 
b: iten Softening Polymers on Styrene” 
Friday, April 26 
INSTITUTION OF CHEMICAL ENGINEERS, GRADUATES AND STUDENTS 
SECTION (at the Cora Hotel, Upper Woburn Place, London, W.C.1), at 
9.16 a.m,.—Symposium on “The Impact of Atomic Energy on C cal 
Engineering”. 
INSTITUTE OF NAVIGATION (at the Royal Geographical Besiety. 
1 Kensi nm Gore, at 5. .m.— Cap 
Swallow, R.N., and ‘Mr. A. ethods 
a Ship’s ” Aspect and Speed b y Ra 
INSTITUTION OF MECHANICAL (at 1 Bird Walk, 
8.W.1), at 6 p.m.—Annu General Meeting. 
BRITISH PSYCHOLOGICAL SOCIETY, INDUSTRIAL SECTION (in the 
tment of Psychology, —— College, Malet Street, London, 
—— Sidney : “The National Coal Board 


Staff 


Saturday, April 27 


BRITISH PSYCHOLOGICAL SocieTy, SOCIAL PSYCHOLOGY SECTION 
(at Birkbeck College, Malet Street. London, Ww. > PD, at 11.30 a.m.— 
Conference on “The Teaching of Social Psycho 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

LECTURER (graduate in physics or Sey, preferably with 

research experience) IN APPLIED SCIENCE IN DEPARTMENT OF 
PRINTING AND PHOTOGRAPHIC TECHNOLOGY—The Registrar, The 
Manchester College of Science and Technology, Manchester 1 (April 26). 

LEOTURER (preferably with a knowledge of mathematical statistics) 
IN MATHEMATICS—The istrar, Queen Mary College (University of 
London), Mile End Road, London, E.1 (April 27). 

LECTURER and a RESEARCH ASSISTANT IN THEORETICAL PHYS! 

The Registrar, King’s College, Newcastle-upon-Tyne "April 27). 

RESEARCH ASSISTANTS IN THE CHEMISTRY DEPARTMENT, for work 
on the physical and chemical properties of solid carbon—The Registrar, 
King’s Newcastle- -Tyne (April 27). 

ASSISTANT LECTURER (with special reference to organic chemistry) 
IN CHEMISTRY ; and an ASSISTANT a no special reference 
to physical and inorganic a —The Secretary, 
Birkbeck (University of mdon), Malet Street, London, 
Ww. 1 (April 


ALLISTICS OFFICER (civilian) (with a number of F ape practical 
wk theoretical ex: ae in a related position and education to 
university standard in physics, mathematics or statistics) at the 
Weapons Testing Establishment, tment of National Defence, 

Army Liaison tablishment, 66 Ennismore 
Gardens, London, 8.W.7 (April! 30). 


NATURE 
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833 


Lucrurse (with an honours degree in civil or engineer- 


i gas tical research experi IN ENGINEERING— 
The Sec The Ualversity, deen (Apel 30 30). 


The University, Leeds 2 May 1) 

LECTURER it a ‘major in heat transfer and 
a knowledge of some aspect of nuclear engineering) IN ENGINEERING 
pa Registrar, The University, Mente 13 (May 1). 

LECTURER (with good lemic qualifications and practi 7 
rience in any section of the electrical engineering industry) IN 
ECTRICAL ENGINEERING—The Registrar, The University, Leeds 2 


(Ma 

(a DEMONSTRATOR (with an honours heer in pure science 
with organic chemistry and biochemi principal subjects) IN 
ANIMAL NurTriTion—The Secretary, 1 of Agriculture, The 
University, Cambridge (May 1). 

ESEARCH ASSISTANT (with a first- or second-class honours degree 
in chemistry, and wanting to work for a ase degree) IN —— CHEM- 
ISTRY DEPARTMENT, for work of a physico-organic nature—The 
Principal, Derb and District College of Technology, Normanton 
Road, Derby (May 3). 

ASSISTANT IN PARASITOLOGY IN THE or ZooLoey— 
The Secretary, The University, Edinburgh ( 

ASSISTANTS (2) IN THE DEPARTMENT OF -The Secretary, 
The University, Edinburgh (May 4). 

LECTURER IN APPLIED MATHEMATIOCS—The Registrar, King’s 
College, Newcastle-upon-Tyne (May 4). 

LECTURER (with a degree in engineering or A.M.I.Mech.E., together 
with at least two years postgraduate industrial experience, and prefer- 
ably some teaching experience) TO TEACH MECHANICAL ENGINEERING 
4, the Government Technical Institute, Kaduna, Northern Nigeria— 

The Director of Recruitment, Colonial Office, London, 8.W.1, quoting 
BCD.114/408/06 (May 4). 
The Registrar, SCHOLARS IN SCIENCE, the SoctaL ScrENCcCES— 


veterinary bacteriology RICULTURAL 
niversity, (May 13). 

LECTURER a interest in field botany) IN 
Botany—tThe Professor of al Imperial College, Prince Consort 
Road, London, 8.W.7 (May 15). 

LECTURER (with special qualifications in mineralogy and a working 
knowledge of X-ray techniques) In GEoLOGy—The Registrar, The 
University, Bristol (May 

CHEMICAL INSPECTOR (univers?ty graduate in chemical technology 
or chemical engineering and Co:porate member of the Institute of 
Chemistry or the Institute of Chemical Engineers) IN THE DEPARTMENT 
oF HEALTH, Wellington, New Zeuland, to ensure that all the require- 
ments of Air Pollution Legislation are being observed and duties will 
include visits to all registered chemical industry and process works to 
inspect processes, examine records and make such tests as are necessary 

to determine the concentration of noxious eget in discharge 
gases —The High Commissioner for New Zealan 15 Strand, London 
0.8, mentioning this paper and quoting Ref. ‘No. 16/195/69 Olay 18). 

Junior RESEARCH FELLOW (with, or expect to pee e near 
future, a good first degree) IN COMBUSTION CHEMISTRY work 
on gaseous combustion reactions—Joint Clerk to the "University 
Court, Queen’s veg Dundes (May 18). 

SENIOR RESEARCH FELLOW (completed, or ———_ at least 

years of research) IN COMBUSTION r work on 
gaseous combustion a Clerk to the University Court, 
Queen’s College, Dundee (May 18). 
Oe REEDER AND GENETICIST (with some research experience) 
N THE bua BREEDING SECTION of the Department of Agronomy, 
Wate Agricultural Institute, to investigate factors 


uality and yield in and their mode of inheritance— 
Hegistrar, U University of Ad Aael de, Adelaide, South Australia (May 31). 
LECTURER CHEMISTR 
College, Dublin (June 8). 


Y—The Registrar Trinity 


PROFESSOR OF ZOOLOGY at the University of Melbourne, Australia— 
The Secre tion of Universities of the British Common- 


wealth, 36 Gordon Square, London, W.C.1 a. June 30). 


bridge Road, Dagenham, Essex. 

ASSOCIATE PROFESSOR Or PROFESSOR OF APPLIED MATHEMATICS— 
Prof. I. R. Pounder, University of Toronto, Toronto, 

DEPUTY AREA CHIEF SCIENTIST (with an honours degree or 
equivalent in chemistry or physics, and preferably some experience 
in the coal mining industry) of the Warwickshire Area of the West 
Midlands Divisional Coal Board, with location at the Area Laboratory 
—Area Staff Manager, West Midlands Coal Board, Lindley Lodge, 
Higham-on-the-Hill, Nuneaton, Warwickshire 

NFRA-RED SPECTROSCOPIST to apply the technique of problems of 
organic chemistry and biology—The Secretary, Chester Beatty 
Research Institute, Fulham Road, London, 8.W.7, “EMER”. 

LECTURER IN PHYSICAL CHEMISTRY ; anda 

m and District fechnical 


CHEMISTRY—The Principal, Notti 
College, Shakespeare Street, Notti 

LECTURER (with a good degree and preferably ind trial experience) 
——a Secretary, Royal College of Science and Tech- 
nology, G 

LECTURER (with an honours degree in mathematics) IN THE DEPART- 
MENT OF MATHEMATICS, College of Technology and Comr-erce, Cardiff, 
to assist in the teaching of matiinenaticn ts for the Dipicma in Tech- 
nol and Higher National Diploma in Building and Engineering— 
The Director of Education, City Hall, Cardiff. 

MATHEMATICIANS, AERODYNAMICISTS, and AEBRO-ENGINEERS (with, 
or obtaining a first- or second-class honours degree in mathematics 
or @ semen or eq uivalent) at a Ministry of Supply Experimental 
Establishment, for duties which include research and investigation 
applica- 

ics, 


into problems of aircraft performance, stability and control ; 
tion of mathematical techniques to problems relating to aer 
assessment in Fa 


structure, navigation, armament, etc., 
performance estimation of new "types o! 


ae Great 
J. R. Rylands— 
and 4 
an ASSISTANT (with a good urs degree) IN MATHEMATICS—The : 
nistry of 


834 


Labour and 
26 King Street, 
CAL Or 
or second-class 
engineer 


National Service, Technical and Scientific Register (K 

London, S.W.1, quoting A.421/6A. 

RIGAL ENGINEER or PHYSICIST (with a first- 
or equivalent in — eal 


its, to work on the and of precision 
develop- 
centrifuge Th Minis’ and National 
and Scientific Register ( )», Street, London, 
S.W. -168/7A. 
Knay Be (or other research appointment) IN ELECTRICAL 
m+ to join a small group in ic research into 
blems of electrical machinery allied cppensiue-ihe Registrar, 
University, Bristol 8. 

ScIENTIFIC OFFICER (honours in or in bio- 
chemistry with pacteriological ce), for work on yn” 
of classification of the Lactobacilli with special reference to mi 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 
Fund. Annual and Balance 
tember, 1956, with iture 
that date. Pp. 12. 


a, 1987. ) [ 


Departmen’ 
: The Influence of tne By W.T 
‘Preliminary 


H.M. Stationery Office, 1 

Colonial O blications 
of East Africa. by Fw 
plates. (London: H.M. Stationery Office, 1906.) Ibe, 

x Trust for the Universities of Scotland. fifth Annual 
Report (for the year 1955-56) submitted by the Executive Committee 
to the Trustees on 18th February 1957. en iv+73. (Edinburgh 
Carnegie Trust for the Universities of Scotland, 1957.) [ 

Empire Cotton Growing Corporation. from - 
ment Stations, Season 1955-56. — i . 25. ¢ $ 
Empire Cotton yg yy: ion, 1957.) 

Iodine Health Hints. Pp. 16. (London : Chilean Iodine aeanes -} 
Bureau, 1957.) {22 


1956: Reports of the 


Colonial Office. Colonial 
lonial Research Agricultural, 


Research 1955-19 
1; Committee for Colonial 


Animal Health and Forestry Research ; Colonial Cornet} 
Committee; Colonial ies Advisory Committee Colonial 
- Cor icides Resear t- 


Centre 
— not covered by the of the Specialist 
es. Pp. 312 (Cmnd. 52). mn: H.M. Stationery 
1957.) 108. net. 
National Smoke Abatement Socie ety. Proceedings of 


the 23rd Ann’ 
erence, South . 100. (London : National 
Smoke Abatemen Bociety, 1957.) 12s. 222 


Journal of No. 7: The 


on April16-17, 1956. by C. B. Allsop. Pp. vi+130. Condon : 
British Institute of Retewer. | 1957. ) 25s. 
Field Studies Council. 1955-1956. Pp. 68+8 
(London : Studies ora 957.) 222 
ot Institute of Onn rt of the Council for the year 
ended 3 1956 3 Royal Institute 


Problems Policies. Pp. v+34. 
Federation of British Industries, 1957.) 3s. 
Phi ical Transactions of the 


on 


Socie B66, Vol. 240 
g Surface. By 
Contribution to Flame Theory. By G 
. (London: Royal 1957.) 
nt. ‘Annual port of the 
sory 
. Pp. 12. (Edinb burgh : 
H.M. Stationery Office, 
National Coal Board By eal Medical Research Memoran- 
dum No. 1: Reactions of} Mines-Rescue Personnel to Work “<n Hot 
Environments—Report on <a carried out by A. R. Lind, 
J. 8. Weiner, z.. . M. Jones and D. C. Frazer. Pp. ii+ 68. 


Books Charles 
Members.) Statintion of Publi Public te pportsd) Libraries in Great 
Britain and Northern Ireland Pp. 33 (London: Library 


Association, 1957.) 7s. 6d. 
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Tweed River Purification Board. Annual Report for the ended 
15th May. roe Pp. ii+19. (Galashiels: Tweed River = 
University Not . The Art of Organic 
Twenty-ninth Sir Jesse t Foundation Lecture.) Pp. 20. (Notting- 
ham : The Universit; 2067.) 1s. 6d. 
Parliamen entary and Scientific Committee. Annual Report, 1 
Pp. 26. (London: Parliamentary and Scientific Committee, 1957. eis 
The Registrar General’ 8s Statistical Review of “and 


for the year 1954. Part 3 Pp. xii+227. (London : 
Stationery Office, 1957.) 8s. net. {18 


Other Countries 


The Centennial Review of Arts and Science. (A guestety magazin: 
of the Liberal Arts.) va. 1, No. 1 (Winter, 1957). Pp. va: 
Subscription rates : $ dollars a year ; 5 dollars ‘or two years; 1 dollar 
for single copies. (East Lansing : College of of Science and 

’ State University. 1057. ) 82 
Chi atural History Museum. ee Botany. A 
Notes ~ Concepts 

es. 


No. 3! Tro ical American Myrtaceae : 
usly Unrecognized 
+145-228. 1.50 dollars. 
“ P. Schmidt Hymen 
(Chicago : Chicago Natural 


of the California Sciences. Fourth Series, 
Vol. 29, No. 2 ‘oe - 1957) : California 
Allyn G. Smith 21-46+2 plates. (San Francisco, Calif.: Cali- 
fornia of 7.) 2 
. Annual Report of the East 
Research 1955-1956. Pp. he 


Museum, 


Institut de France : mie des Sciences. Annuaire pour 1957. 
. 235. (Paris: Gauthier- Villars, 1957. 3 {222 
British Guiana : Geological Survey. Bulletin 830: The of 
the Superficial Deposits and Coastal iments of British Guiana. By 
D. Bleackley. . 464387 (Georgetown: Government 
eration 0! ya nnua. 
culture for By Heath. 
es. (Kuala Lumpur: Government Frinton, 1956.) 50 dollars : 


10d. 
World Meteorological Organization. International Geophysics 


Year, 1957-1958. Meteorological Survey. 
(Geneva: World Meteorological Organization, 
‘an 


European Productivity Agency of the 0.E.E.C. The = 
and Rationalisation of Soil Analysis. Pp. 220. eo 
Productivity Agency of the Canis fe 
Co-peration. 1956.) 600 francs ; 2 dollars. [ 
The National Research Council Heview, 1956. Pp. 284+16 plates. 


Thirty-seventh Report of the Quebec Society for the Pro 
Plants, 1955. (Quebec 1956.) [13 
es techen Wetterdienstes. Nr. 32 (Band 5): r 
die Verfiinderlichkeit der Windschutzwirkung einer pelbaumreihe 
beu verschiedenen meteorologischen on Josef van 
70 D.M. Nr. 33 (Band 5): tersuch 


Eimern. Pp. 21. 5. 
Emsiland 1955. Von Ernst Franken Kaps. $7. ¢ 


Kissingen : Deutschen Wetterdienstes, 1957.) {13 
Canada: Department of Mines and "echnical 
of the Dominion Astrophysical Observatory. Vol. 10, : A Further 
Study of the Cephei Star H.D. 199140 ( Ww be Ed By G. J. 
Pp. 215-252 +plates 12-14. 25 cents. 1.10 No. 12: On 

the Composite Spectrum of H.D. 50820. e 8B. Ui u. 


By Ann 
25 cents. Vol. 10, No. 13: Tests 


277-286 +plates 16 and 17. 


287-804 Ottawa: 
oninklijk ederlands Meteorologisch Institut. V 
2: Hozentheorie&n. Door A. 
en Verhandelingen. No. 62: Statist ische Stale. Door 
Dr. C. Levert. Pp. 246. 10 florins. No. 63: the Behaviour of 


Gravity Waves in a Turbulent 7 with Application to the Decay 


and ey oy Period Increase of 8 P. Groen . 23. 1.50 
florins. No. On Seismic Waves in a § erical Earth. By J. G. J. 
Scholte. Pp. os. 6 florins. No. 66: The Equivalent Velocities for _ 
Estimates of the at Sea. By vi Pp. 38. 
1.76 florins. No. 67: Klima ederlandse 
Lichtsche; over de Periode 1 
Bewerkt door G. Verploegh. Pp. 68. 3.50 florins. Me e en 
W: ingen verri van Nederlandse 
Lich in de Noordzee, Jaargang 6- 184. (De Bilt: 


1954. 
Nederlands Meteorologisch Institut, 1 and 
mmittee. Vol. 6, 


: Government Printer, 1956) 
Federation of Nigeria. Annual Report of the Geological 

1 (Lagos : Govern- 
ment Printer, 1957.) 9d. net. [ 
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East Africa High Commission. East African a, 
East African 
Bayerische Akademie = “Wissenschaften. thematisch-Natur- 
wissenschaftliche Klasse. Abhandlungen, Neue Paige Heft 81: Uber 
die zeitliche Form und das Spektrum ausgesendete’ r Di Isignale in 
einer dielektrischen'Hohlkugel mit leitenden Wanden, besonderer 
Anwendung auf at mosphirische Signale. Von WinfriedjOtto Schumann. 
i dinchen erlag der yerischen Akademie der Wissen- 
in Kommission bei der C. H. Bec’schen 


fre 

a of South Africa : t of Mines. Geological Map of the 

Union of, South th Africa. 1: 1,000,000. (Pretoria : of 
nes, 


Research 
Uganda : 
1956.) 


hill—The Secretary, Marischal College, The University, Aberdeen. 
3 SLEEPING SICKNESS CONTROL OFFICER (preferably single, with a 
4 good general education and agricultural training, or a knowledge of 
4 surveying, mapping, entomology or botany) in the Medical Depart- 
cee ment, Northern Nigeria Government—The Crown Agents, 4 Millbank, 
London, 8.W.1, quoting 
: TECHNICIAN (with a sound wiedge of chemistry, and preferably 
: See in biochemical techniques) for a research unit—The 
de A trator, Department of Biochemistry, The University, South 
cv Parks Road, Oxford. 
Mental Health R 
z Sheet as at 30th S 
1 Account for t 
Research Fur 
I OF th 
Vic es of Stars B, and Spectroscopic 
(Lond 


April 20, 1957 NATURE occclxxxix 


THE PYE pH PEOPLE THROUGHOUT THE MIDLANDS & NORTH ee 


UNIVERSAL pH METERS 
AND AUTOMATIC TITRATORS 


being used in the routine analytical laboratories of 
ROLLS ROYCE LIMITED 


A. M. LOCK & CO. LTD., PRUDENTIAL BUILDINGS, OLDHAM 
MIDLANDS : 173/4 HIGH STREET, DERITEND, BIRMINGHAM 
Photograph by courtesy of Messrs. Rolls Royce Ltd. 


INSTRUMENTATION supplied the DE, 


PRISM 
SPECTROSCOPE 


This adjustable slit spectroscope with a dispersion 
(h to b) of 14 degrees 25 minutes is one of the 
items in our range of instruments designed for the 
identification of gem stones. 

The range includes refractometers, microscope, 
dichroscope, polariscopes, etc. 

We shall be pleased to send illustrated particulars 
of the spectroscope or the full range of equipment. 


RAYNER 


100 NEW BOND STREET, LONDON, W.1 
Telephone GRO 5081 


i 
, 
| 
— 
cw 4166 
Pe 
a D 
DYSON 
Troughton & Simms = 
_(@oke Troughton & Simms 
3 : 


“CRISTA” PIPETTE SHAKER 
with 


PHOTOMICROGRAPHIC 


CAMERA for 35 mm. film KAHN TUBES 


BOTTLES Details on request 


Write for full details of our extensive 
range of Photomicrographic Apparatus HAWKHSLEY & SONS LIMITED 


R. & J. BECK LTD. 
69/71 MORTIMER STREET, LONDON, W.I 


Have you 
received 
a free copy 


of our 


PURE FILTER PAPERS 


descriptive 
catalogue 
N.G.55? 


J. BARCHAM GREEN LTD. 
MAIDSTONE, ENGLAND 


Press, St. Albans, and MACMILLAN & Co., Limirep, 
be, New York 17, NY USA Saturday. Aprii 20, 1957. 
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